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Abstract
Sustainable energy use in the developed world requires locally deployed distributed
generation and energy efficiency measures within communities. This dissertation tests the
hypothesis that this can be better done by an Energy Service Company than by government
and the utilities.  Ireland was used to place this research in context. The Irish electricity
market is still dominated by the pre deregulation utilities that also own and operate the
transmission and distribution network.  The Irish government has also established a
Sustainable Energy Authority to formulate policy and manage incentives.   A review of the
literature resulted in the modelling of an Energy Service Company operating in an exclusive
Energy Service Area based on the town of Greystones 30 km south of Dublin.  This model
included a capital programme, operating philosophy and business plan designed to increase
sustainable energy use.  Finance packages for customers interested in efficiency
improvements were also laid out.  This model was then simulated.  This showed that net grid
imports had been reduced from 90,380,768 kWh/year to 13,212,924 kWh/year. A lifecycle
economic analysis returned a net present value of ! 43,902,705 compared to ! 17,105,253
for the baseline case.  Social impacts of the development programme could result in
opposition, but community ownership of the company would align objectives.  Moreover,
the current top-down initiatives and bottom up incentives in Ireland are unlikely to bring
about the transformation of communities a quickly as this model.  In conclusion, based on
the analysis of this paper the hypothesis is valid.  It is recommended that detailed research is
conducted using this model and that other areas are investigated to test whether the
conclusions of this paper can be applied universally.  Based on this further research policy
proposals should be developed for consultation.iv
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Introduction
Background
The electricity systems of developed countries are about to be transformed.  Investment to
overhaul transmission and distribution networks, encourage distributed renewable generation
and significantly improve energy efficiency is being promised by governments and private
industry.  At the same time, the active management of consumers electricity use is fast
becoming reality through the use of information technology.  Moreover, the prospect of large
numbers of plug-in electric vehicles will change the way households manage and use electric
power.  In much of the developed world top-down initiatives and bottom-up incentives
dominate efforts to achieve these transformations.
The Sustainable Energy Authority of Ireland (SEAI) is a government body that coordinates
the Irish response to the challenge of implementing a sustainable energy future for the
country.  It has set out a vision for Ireland that is ambitious in scope and breadth.  It includes
support for the adoption of micro-renewable generation, grid connected distributed
generation, smart grids, efficiency driven energy demand reduction targets and Demand Side
Management (DSM).  Based on the SEAI strategy document
1, a potential market exists for
delivering these improvements to residential customers and small to medium enterprises
within communities.
To deliver this vision to communities and the vast majority of consumers, Ireland is
polarised between top-down initiatives and bottom-up incentives.  Utility companies are
rolling out smart meters and smart grids with centrally planned programmes. Meanwhile,
residential customers have to show a degree of initiative and apply for government grants to
                                                   
1 Strategic Plan, Sustainable Energy Authority Ireland, 2010, Dublin.2
install energy efficiency measures or their own renewable generating capacity. There is a
scarcity of mid-scale actors that can build a bridge between these two extremes.
Energy Service Companies (ESCOs) are mid sized enterprises that have evolved in the past
few decades.  They are different to traditional utilities, their view of energy is that it provides
a service to a customer, rather than the sale of the energy being an end in itself.  They make
money by providing their customers and clients the required service, but doing it at less cost
through a more efficient and intelligent use of energy.  It is the ESCO that can bridge the gap
between utility and consumer.
Predominantly the small numbers of ESCOs in Ireland concentrate on delivering energy
efficiency savings to large enterprises.  For domestic customers there is very little ESCO
endeavour.  A 2005 study of ESCOs for Sustainable Energy Ireland (SEI)
2 said in a footnote
‘While ESCOs do operate in the residential sector in Europe, due to the minimal level of
district heating schemes in Ireland, it is unlikely that this sector will attract ESCO activity’
3.
A community based sustainable energy demonstration project known as Dundalk 2020 bears
this out; the ESCO involvement is to build and manage a district-heating scheme
4.  This
view of ESCOs overlooks the potential for these mid size enterprises to deliver on a much
broader scale than just district heating.
Hypothesis
The situation described in Ireland is not a unique case when compared to other developed
countries.  Therefore, by using Ireland to provide the context, this paper explores the
following hypothesis:
                                                   
2  SEI is the forerunner of SEAI.
3  Enviros Consulting, Assessment of the Potential for ESCOs in Ireland, Sustainable Energy Ireland,
2005, Glasnevin, p.48.
4  ‘Dundalk 2020, Energy Service Company’, Sustainable Energy Authority Ireland,
http://www.seai.ie/Dundalk2020/Projects/Energy_Services_Company_ESCo_/, viewed 30 October
2010.3
A locally focused ESCO with a holistic approach to achieving sustainable energy use
would be an effective vehicle in delivering distributed generation and energy
efficiency for communities in the developed world. Furthermore, this can be done
profitably whilst also benefiting consumers. It therefore follows that this could
promote a swifter transition to these new technologies than by relying on utilities and
government incentives alone. Moreover, adapting financing models used for rural off-
grid electrification in the developing world could be beneficial in developed countries.
Key Research Questions
To explore this hypothesis the following questions need to be answered:
How would this ESCO operate and what would its business plan look like?
What is the technical, economic and social feasibility of this hypothetical ESCO and
its business plan?
How does this compare to the current path chosen by much of the developed world to
transform the electricity system?
Methodology
The research methodology for this paper has 6 discrete steps.
1. A literature review using both on-line resources and textbooks.  The results of this
review are distributed throughout the paper. However, Appendix 1 provides a
comprehensive summary of key information from the literature, much of which is
subsequently used in the paper.4
2.  A description of an operating and business plan for the ESCO.  This plan is then
further explored in the Irish context by building a model of an ESCO based on providing
services to an existing community in Ireland.
3. Simulation of the ESCO model using the Homer ‘micro-power optimisation model’
software originally developed by the National Renewable Energy Laboratory in the US.
4. Examination of the results of the Homer simulation for the purpose of informing a
technical analysis of the model and conducting an economic life-cycle analysis.
5. Consideration of the social and environmental impacts of the ESCO model.
6. Analysis of the current path to local sustainable energy.5
Chapter 1: The Irish Context
Ireland’s Energy Use
5
Ireland is highly dependent on imported fossil fuels; in 2008 it imported 89% of its energy
needs predominantly as liquid fossil fuels.   Of the 16356 ktoe total primary energy use in
Ireland, 34.4% was consumed for thermal services and 31.4% for electricity generation.
The proportion of fossil fuel energy used for thermal services was over 92%.  Of the almost
60000 GWh of primary energy used for electricity generation only 26679 GWh was
delivered as useful electricity.  The remainder is attributed to losses incurred by electricity
transformation and transmission.  In effect Ireland dissipates almost 50% of its energy on
low-grade thermal services and losses in electrical generation, transmission and distribution.
This is a poor use of highly concentrated imported fossil fuel energy.
Final energy consumption in Ireland in 2008 was dominated by domestic use.
40% of consumption was made up of energy used in the residential sector or for use by
private cars.   After this, industry at 18%, the service sector at 13% and road freight at 8.65%
were large users of energy.
Irish Power Infrastructure
Single Electricity Market (SEM)
  6
Since 2007, the island of Ireland has had a single electricity market, covering both Northern
Ireland (NI) and the Republic of Ireland (ROI).  The market is operated by SEMO (Single
Electricity Market Operator) a joint venture of Ireland’s state owned network operator
                                                   
5   Energy in Ireland – Key Statistics 2009, Energy Policy Statistical Support Unit, Sustainable Energy
Ireland, Cork, December 2009.
6  ‘Market Participants’, Single Electricity Market Operator, Dublin, 2010, www.sem-
o.com/JoiningTheMarket/Pages/marketparticipants.aspx, viewed 18 August 2010.6
Eirgrid Electricity and SONI (System Operator for Northern Ireland), the North’s equivalent.
However, due to Eirgrid’s ownership of SONI, the market operator is effectively a single
entity.  The SEM is a wholesale market providing electricity for 2.5 million consumers and
has 43 market participants with generating capability.
The market has a total of 11388 MW of installed generating capacity of which 9535 MW are
provided by thermal plant and 1331 MW are provided by wind.   The market is dominated
by the state owned Electricity Supply Board (ESB) in the ROI and Northern Ireland’s
Northern Ireland Electricity (NIE), which is part of the Viridian Group.  The bulk of NIE’s
thermal plant is actually owned by AES (a US based company) and the power is supplied
under a bilateral contract. The other major suppliers are Bord Gais (Ireland’s Gas utility) and
Endesea (a major Spanish energy company that recently purchased divested assets of ESB).
The key renewable energy market actors are Viridian, ESB, and Airtricity.
Despite the creation of a deregulated market across the border in the island of Ireland, the
effect has been to consolidate ownership of the operators. However, whilst generation is still
dominated by the original semi-state owned participants, the existence of the market and the
rules governing its operation have allowed for a large number of smaller generators to
connect to the grid and participate. Equally, multi-nationals looking to establish their
presence in the Irish market have taken the opportunity to acquire assets from the
incumbents.7
Figure 1: The Island of Ireland Transmission System
Source: Eirgrid Website, http://www.eirgrid.com/media/All-
Island%20Transmission%20Map%20(January%202010).pdf, retrieved 18 August 2010.
Transmission and Distribution Network
The transmission system in Ireland has become increasingly integrated as a result of the
Single Electricity Market. The HV network in the ROI is operated by Eirgrid and in the8
north by SONI.  However the HV transmission system is an asset of NIE in the North, and
ESB Networks (an independent subsidiary of the ESB) in the ROI.  Despite a long history of
separate development and standards (as can be seen from the differing voltages of the
transmission network) the logic of a single market has driven coordination of network
development and this will become more so in the future.  Recently, ESB Networks has
signed a deal with Viridian to buy NIE by the end of 2010.
There are a number of examples of this cross-border integration in the pipeline.  A new cross
border inter-connector is to be built to increase transmission efficiency and improve the
operation of the SEM.  Furthermore, with the 500 MW Moyle Inter-connector located in
Belfast being the only link to the much larger British grid and Europe, Eirgrid has started
work on a 500 MW HVDC (High Voltage Direct Current) inter-connector to Great Britain
from just outside Dublin.  This will significantly strengthen the grid and allow for high levels
of penetration of renewable energy. The increased interconnection of the two Irish grids, and
consequently their interconnection with the grid in Great Britain allows Ireland to participate
in a Europe wide market and this will allow Ireland to exploit its large renewable resources
by enabling significant penetration.
The distribution system delivers power to customers through a network of Medium Voltage
(MV) and Low Voltage (LV) lines and substations.  In the ROI the distribution network is
owned and operated by ESB networks.  In the North, the system is owned and operated by
NIE.  In the ROI the MV distribution network is a mixture of 38 kV and 10 kV transmission
lines, whilst the lowest level of distribution is 400 V three phase and 230 V single phase
supply.  The ESB distribution network is over 160000 km long and has over 235000
transformers
7.
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us/index.jsp, viewed 18 August 2010.9
Sustainable Energy Authority Ireland (SEAI)
Sustainable Energy Authority Ireland is a government agency whose mission is:
‘to play a leading role in transforming Ireland into a society based on sustainable
energy structures, technologies and practices’
8.
The SEAI (originally know as SEI – Sustainable Energy Ireland) was set-up in 2002 during
the economic boom that took place in Ireland from the mid 1990s ending with the ‘credit-
crunch’ of 2007.  The SEAI has three key strategic policy objectives
9.
•  ‘Energy efficiency first: implementing strong energy efficiency actions that radically
reduce energy intensity and usage.’
•  ‘Low carbon energy sources: accelerating the development and adoption of technologies
to exploit renewable energy sources.’
•  ‘Innovation and integration: supporting evidence based responses that engage all actors,
supporting innovation and enterprise for our [Ireland’s] low carbon future.’
Specific objectives to be achieved include
10:
•  Renewable electricity to meet 40% of demand by 2020.
•  Leadership position in ocean energy with 500 MW by 2020.
•  12 % renewable heat by 2020.
•  Remove regulatory barriers to CHP and district heating systems.
•  Low energy buildings to contribute 20% energy savings by 2020.
•  Energy efficiency to contribute 20% energy savings by 2020.
•  Support the development of micro-generation.
•  Enhance fuel diversity in generation.
•  10% renewable energy in transport by 2020.
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9  ibid.
10 ibid, pp.11-17.10
•  10% electric transport fleet by 2020.
•  33% energy savings in the public sector by 2020.
The SEAI is a key component of Ireland’s strategy of coping with increasing energy costs,
reducing CO2 emissions and increasing energy security. It has an ambitious set of targets to
achieve, however the means to achieve this has become significantly constrained in the
shrinking economy.
To help achieve these objectives, the SEAI has devised a number of incentives and schemes
to assist in the adoption of energy efficiency measures and increase the use of renewable
generation.
•  Home Energy Savings Scheme:  Provides grants for improving insulation and heating
controls of up to ! 4000.
•  Greener Home Scheme:  Provides grants for renewable energy heating refits on houses
built before 2008 of up to ! 3500.  The types of systems recognised by this scheme are
biomass boilers, heat pumps, and solar thermal collectors.
•  Warmer Homes Scheme: A scheme to improve the energy efficiency of low income
housing stock.  Measures include insulation, CFL bulbs and draught proofing.
•  Deployment Programmes (CHP and Renewable Heat):  Grants available for renewable
heat projects (heat pumps, biomass, solar thermal collectors) on a commercial,
industrial or community scale.  Funding for CHP projects is for biomass projects only
and on a case-by-case basis.
•  Public Sector Programme: Provides funded training, energy assessment and mentoring
for the public sector.  The public sector is also eligible for grants for renewable heat
projects.
•  Sustainable Energy Incubator Programme:  Suspended until at least 2011, this
programme provided support for start-up businesses in the sustainable energy resources
sector.
•  Accelerated Capital Allowance:  This allows private companies to write off 100% of the
capital cost of investments in qualifying energy efficient technology against tax.11
•  Electric Vehicle Grant Scheme: From 2011-2012 up to ! 5000 per vehicle is to be
made available for the purchase of battery electric vehicles, and ! 2500 for plug-in
hybrid vehicles.
Over the past year a number of schemes have been closed as quotas have been filled. No
follow-up schemes have been implemented, possibly as a result of the current poor economic
situation.
Commission for Energy Regulation
The Commission for Energy Regulation (CER) is the regulatory authority for the electricity
and gas sectors in the ROI.  The CER’s mission is to ensure that:
‘The lights stay on, the gas continues to flow, the prices charged are fair and
reasonable, the environment is protected, and electricity and gas are supplied
safely
11’
The CER’s initial and primary function has been the opening up of the gas and electricity
sectors to competition.  As such they act as market regulator on behalf of the Irish
Government in close cooperation with their Northern Irish equivalent.
The CER also has a mandate to promote renewable and sustainable energy forms.  It does
this by ensuring that barriers to entry are reasonable.  This is achieved by giving the
generators of green energy some limited privileges in the SEM and ensuring that grid
connection is not overly onerous process.  This is important because the process of
connection is the responsibility of ESB Networks and, despite being an independent subsidy
of the semi-state ESB; the incumbent can often be at risk of favouring the status quo.
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Chapter 2: Locally Deployed Distributed Sustainable Energy Assets
Renewable resources have the characteristics of being widely distributed in relatively low
concentrations when compared to fossil fuels.  Ireland enjoys the good fortune of having an
excellent fit of very good renewable resources with a low population density.  This holds out
the realistic promise that all of Ireland’s energy needs could be met through renewable
energy, predominantly from wind.  Moreover, any excess could be exported through inter-
connectors that open up the much more densely populated UK market and Europe beyond
that.
The distributed nature of renewable resources suggests that renewable generation itself will
have to be widely distributed.  Locating generation near to load centres, such as homes and
industrial sites, has other benefits including the reduction of transmission losses.
Furthermore, these benefits can be amplified through the adoption of an aggressive
programme of energy efficiency improvement. The Rocky Mountain Institute (RMI), an
influential US think-tank on sustainable energy, in their book ‘Small is Profitable
12’ lists
over 207 benefits of Distributed Resources.  Distributed Resources being the catchall term
used by RMI to describe efficiency, generation, and demand management solutions at a
distributed level.
Of the 207 examples listed, in broad terms the most compelling arguments for investing in,
and deploying distributed resources are:
•  Reducing load through efficiency improvements.
•  Reducing peak demands through demand management.
•  The reduction in transmission losses by having generation close to load centres.
•  The avoidance or deferral of costly infrastructure upgrades of the transmission network.
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•  The avoidance or deferral of additional central generating capacity.
•  The modularity and size of distributed generation allows capacity to be added at reduced
risk.  It can be done rapidly and it can match changes in demand more efficiently.
Equally, loss of generating units has less impact than large central plants.
Not discussed in ‘Small is Profitable’ is the imminent surge in electric vehicles that will be
grid connected.  The benefits of using the storage capacity of these vehicles, which is not
required for the next journey, must be exploited.  This will also require a distributed
approach.
It is apparent from an analysis of Ireland’s energy use, as described in Chapter 1, that
distributed resources will be beneficial.  Here the combination of poorly utilised primary
energy and household consumption being responsible for the most significant proportion of
end energy use is important.  Distributed renewable generation, energy efficiency and a more
intelligent use of low-grade energy sources at the community level will improve the way
Ireland uses energy.  It will reduce transformation and transmission loses, dependence on
imported fossil fuel and the effect of volatile oil markets.
RMI’s term ‘Distributed Resources’ describes the physical assets that can be deployed to
help implement a sustainable energy future.  However, this future cannot be achieved by
solely considering the physical. For the purposes of this paper locally deployed Sustainable
Energy Assets (SEAs) will be considered. SEAs, which include Distributed Resources, are
defined as follows:
‘Sustainable Energy Assets are assets (physical, human, financial, information and
intangible) that interact to achieve sustainable energy services’
A review of the literature resulting in a comprehensive table of SEAs with descriptions and
costs where applicable can be found in Appendix 1.14
Chapter 3: ESCO Operating Model
General
The case for distributed sustainable assets is compelling, the rapid delivery of these by top-
down initiative and bottom-up incentives is less so (this is discussed further in Chapter 8).
The operating plan for this paper’s proposed ESCO aims to achieve this transformation
profitably and rapidly.  The ESCO will then sustain these energy services over a long
planning horizon, continuously improving delivery as new technology becomes available,
demographics change and expectations develop.
The Operating Framework for Energy Service Companies
A regulatory authority would grant the ESCO a concession over a long time frame, 50 years
would be a good start, for a discrete part of the distribution network called an Energy
Services Area (ESA).  The long time frame encourages strategic planning and investment in
what should be considered a micro-grid based on the existing infrastructure.  The Point of
Common Coupling (PCC) with the higher voltage distribution network would be at the 38
kV or 10 kV sub-station.  The ESCO would be able to import or export power across the
PCC, either through bi-lateral agreements or the SEM.  Electricity would then be retailed
exclusively to all the consumers on the ESA network by the ESCO.  In some respects the
ESCO would come to resemble the local utilities of the early 20
th century.15
ESCO Mission and Obligations
To ensure that the ESA is appropriately developed by the ESCO the regulating authority will
have to impose a number of service obligations and a statutory mission statement as part of
the concession grant. The mission of the ESCO would be to:
‘Maximise power exports and minimise power imports, whilst providing quality
energy services, in order to deliver sustainable energy to all our customers’
An analysis of the mission would lead to the conclusion that the ESCO would have to build
its own power generation and storage assets, coupled with a programme to reduce and
manage loads.  This would need to be done whilst still meeting the quality expectations of
customers in providing energy services.  The unifying purpose of all this activity would be to
establish a sustainable energy future for the ESA.
To achieve the mission the ESCO would have to deploy all classes of Sustainable Energy
Assets.  Furthermore, the diverse nature of distributed SEAs clearly demands an integrated
and holistic approach to sustainable energy services.
Initial Actions for the ESCO after the Award of the Concession
Information Gathering and Key Enabling Tasks
Upon award of the concession, the ESCO would have to gather information on the ESA so
that a strategic plan to achieve the mission statement could be developed.  There would also
need to be a number of enabling tasks that the ESCO would have to perform. These
information requirements and enabling tasks includes:16
•  Ensure the transformer at the PCC is capable of bi-directional power flows.
Transformers are by their nature bi-directional, however the fault protection systems and
metering would have to be modified to accommodate power flows in both directions.
•  Ensure continuity of operation after handover.  The ESCO would have sole
responsibility for operating and maintaining its distribution network, reading meters and
billing customers.  It would have to ensure that it had a team in place to ensure that there
was no disruption to supply caused by the handover.
•  Survey of power distribution infrastructure and monitoring of power flows.  The ESCO
would have to have a clear understanding of its power network.  It would need to know
what impact generation may have on the stability of the ESAs grid, loading and capacity
on power lines, equipment health and age, fault levels and power flows.
•  Survey of existing power generation.  There may already be distributed generation assets
embedded within the ESCOs network.  This could be back up generating units for
commercial and industrial customers, or renewable energy assets such as wind farms.
The ESCO would then be able to establish bi-lateral agreements for the use of this
generating capacity, possibly as peak shaving.
•  Survey of potential renewable resources.  The ESCO would need to understand the
potential renewable resources for exploitation in the area of the concession.  This could
be either for power generation or the provision of thermal services.
•  Survey of customers. A detailed analysis of customers would be essential.  The ESCO
would need to understand the load profile of its customer base.  They would also need to
identify large power users such as industrial customers.  Furthermore, the ESCO should
start to build up a picture of customers who would provide the best opportunities for
energy efficiency investment and whose properties could provide locations for
renewable generating devices.  The use of satellite imagery, thermal surveys and billing
information combined with GIS (Geographic Information System) applications could
provide powerful indicators of where these opportunities may lie.  A survey of existing
attitudes to sustainable energy would also help shape the way the ESCO deals with its17
customers and allow it to determine what quality of energy services the customer expects
for what price.
•  Survey of existing energy storage (could include storage employed for grid support,
battery powered plug in electric vehicles, reservoirs, water towers, thermal sinks).
Within the ESCO’s concession area, there may already exist a large amount of energy
storage that is either not used for that purpose or is used in isolation.  If this storage has
capacity that can be discretionary, the ESCO may be able to exploit this for use in peak
shaving, storing surplus energy and exporting it during the best possible market
conditions.
•  Survey of potential areas for medium to large-scale energy storage.  The ESCO may
decide that additional energy storage is required.  This could take the form of battery
arrays or pump storage hydro schemes.
Development of Strategy and Detailed Planning
The information gathered by the ESCO would allow it to determine a strategy for
implementing the optimal mix of SEAs.  The strategic plan would prioritise the low-cost
high-value opportunities, predominantly energy efficiency. However, smart metering,
demand side management, energy storage, and network reinforcement could all start to be
deployed early.   Capital-intensive projects such as small to medium scale renewable
electricity generation, renewable thermal generation, district heating schemes and smart-grid
technologies may be rolled out in the medium to long time frame.  The importance of the
strategic plan is to ensure that early developments are implemented without inhibiting future
development and making them more costly.  The objective would be to optimise the value of
all assets over the life cycle of the concession.18
The Greystones Energy Service Area
To explore the operating framework described above an operating model based on the town
of Greystones, south of Dublin, will be built in order to demonstrate how an ESCO can
develop an ESA with SEAs.
Greystones
Figure 2: Greystones Township
Source: Greystone and Environs 2006 Census, Central Statistics Office Ireland, 2006,
http://census.cso.ie/sapmap/Map.aspx?1444%3b857, retrieved 18 September 2010.19
Greystones is a coastal town in County Wicklow Ireland, 30 km from the centre of Dublin.
The town and its environs have an estimated population of just over 15000 residents
13.  The
town is predominantly residential with good links to Dublin via rail or road.  There is retail
in the centre of the town and a large supermarket at the edge of town.  There are a small
number of commercial properties and light industrial premises with no heavy industry.  The
town is surrounded by agricultural land and wooded areas.  The land rises to a height of
220 m behind the town approximately 2.5 km from the coast.
Existing Energy Infrastructure
Figure 3 (a & b): Transmission and Distribution Network in Greystones Area
a) 38 kV and Higher
                                                   
13 Greystone and Environs 2006 Census, Central Statistics Office Ireland, 2006,
http://census.cso.ie/sapmap/Results2.aspx?Geog_Type=LegalTownsEnvs&Geog_Code=1506E+Grey
stones_%26_Environs, viewed 18 September 2010.20
b) 20/10 kV Distribution21
Source: Our Infrastructure, ESB Networks, http://www.esb.ie/esbnetworks/en/about-
us/our_networks/index.jsp, viewed 4 September 2010.
A single 38 kV substation provides power to the town via a network of 20 kV and 10 kV
power lines.  The 38 kV sub-station can be fed from the Fassaroe 110 kV sub-station, via a
38 kV power line, or via the Boghall Road sub-station which is also fed by the Fassaroe
substation.  In the event of a major fault at Fassaroe, the Greystones Substation can also be
fed via the nearby Kilcoole 38kV substation, which is in turn fed by the 200 kV substation
45 km further south.22
North Wicklow Energy Company
Figure 4: Greystones ESA, Showing Sub-station
The fictional North Wicklow Energy Company (NWEC) is an ESCO that has been awarded
a hypothetical 50-year ESA concession for operating the distribution network fed by the
Greystones Sub-station on Church Road.  NWEC has conducted a survey of the area and has
made the following key findings:
•  There is no power generation.
•  According to census details there are 5195 households
14 in the Greystones area.
•  The majority of houses have traditional meters.
•  There are 250 Electric Vehicles (EVs) owned by residents.  The annual load for an
electric vehicle is 2737.5 kWh/year based on an allowance of 7.5 kWh/day/EV for
transport and deferrable storage (see Appendix 1).
                                                   
14 Greystone and Environs 2006 Census, Central Statistics Office Ireland, 2006,
http://census.cso.ie/sapmap/Results2.aspx?Geog_Type=LegalTownsEnvs&Geog_Code=1506E+Grey
stones_%26_Environs, viewed 18 September 2010.23
•  The average electrical load is 5800 kWh/year/household. (This has been calculated by
dividing the total electricity use for households in Ireland [8524.79 GWh/year]
15 by the
total number of households in Ireland [1469521]
16).
•  The average thermal load not provided by electricity is 19400 kWh/year/household.
(This has been calculated by dividing the total thermal energy use for households in
Ireland [28516.76 GWhth/year]
17 by the total number of households in Ireland
[1469521]
18).
•  Greystones is predominantly a residential area where retail, and public buildings are
assumed to contribute 10% to the load, which is equivalent to 3.4 GWhe/year and 11.2
GWhth/year
•  The daily electricity load profile, based on an urban domestic night saver, peaks between
2300 and 0100
19.  Whilst the thermal load reflects a more traditional profile.
•  The yearly load profile peaks in January
20.
•  The wind resource on the high ground to the rear of Greystones has an average wind
speed of between 8.25 to 9.25 m/s at 100 m
21.
•  The annual solar radiation incident on a surface orientated due south at an inclination of
37
o is 36.8 kWh/m
2/year.
22
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Ireland, Cork, December 2009.
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2006,http://beyond2020.cso.ie/Census/TableViewer/tableView.aspx?ReportId=76404, viewed 25
September 2010
17 Energy in Ireland – Key Statistics 2009, Energy Policy Statistical Support Unit, Sustainable Energy
Ireland, Cork, December 2009.
18 ‘Number of private households and number of persons in each Province, County and City,
classified by type of household, 2006,’ Central Statistics Office Ireland,
2006,http://beyond2020.cso.ie/Census/TableViewer/tableView.aspx?ReportId=76404, viewed 25
September 2010
19 ‘Standard Load Profiles’, Retail Market Design Service,
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20 Ibid.
21 ‘Wind Atlas’, Sustainable Energy Authority Ireland, 2003, http://maps.seai.ie/wind/, viewed 4
September 2010.
22 ‘Photovoltaic Geographical Information System’, Joint Research Centre, European Comission,
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NWEC Business Strategy and Detailed Plan
Based on delivering the ESCO mission and the detailed survey, NWEC has devised a
business strategy for the first 10 years of the concession and beyond.
Business Philosophy
NWECs philosophy is to aggressively reduce its requirement for power from central
generation and the grid.  The sub-station will be considered a virtual generator used to
balance loads, provide stability and reserve for the ESA.  The implementation plan has a
time line that begins with the operational handover of the ESA to NWEC.
Table 1: Implementation Plan
Time Line NWEC Operations NWEC Projects
Year –1 to – 6
months
•  Establish a manned office in Greystones,
initially to provide a focus for engagement
with the community.
•  Establish a financing arm to secure credit for
customers, promote community ownership of
equity within NWEC, deal with billing and
tariff design, sales and marketing.
•  Establish a small operational team.  This
team would initially consist of only a small
number of personnel some of who would
have dual roles.  As the team expands
operations would:
•  Deal with operational and
maintenance issues.
•  Carry out installations and manage
contractors for work on domestic
households.25
Time Line NWEC Operations NWEC Projects
contractors for work on domestic
households.
•  Supervise large capital projects.
•  Install and manage a
communications infrastructure and a
Supervisory Control and Data
Acquisition (SCADA) system.
•  Review advances in technology and
promote innovation.
•  Negotiate commercial agreements
including Power Purchasing
Agreements.
•  Tender contracts for efficiency
retrofits and network improvements.
•  Deal with equipment suppliers.
- 6 months to
handover
•  Financing packages made public.
•  Smart Hub installation begins, including
communications network and SCADA
system.
•  Marketing and sales begin to engage with
target customers identified as heavy or
inefficient consumers.
•  Smart Hub installation
in 50% of households.
•  Communications
network upgrade.
Handover •  All customers are handed over to NWEC on
their current tariffs.
•  Customers who already have NWEC
packages and Smart Hubs are immediately on
their new tariffs.
As above.
Year 1 •  Retrofitting begins.
•  Stakeholder management and permit-
application begins for capital programme.
•  Smart Hub installation
in last 50% of
households26
Time Line NWEC Operations NWEC Projects
application begins for capital programme.
•  New tariff structures are offered to all
consumers.
households
•  Communications
network upgrade.
•  Efficiency
improvements.
Year 1 - 5 •  Phase 1 of the capital programme complete.
•  Increase in services offered to consumers.
•  Actively manage loads where possible.
•  Efficiency
improvements.
•  Communications
network upgrade.
•  Smart grid upgrades.
•  Zinc Bromide Battery
Array.
•  Dynamic demand
control.
•  EV battery storage
control.
•  Bellvue Wind Farm.
Year 5 -10 •  Phase 2 of the capital programme complete.
•  Actively manage loads, generation and
storage to achieve optimum mix.
•  Sell power back to grid at most beneficial
time, maximising revenue.
•  Develop business strategy for next 10 years.
•  Communications
network upgrade.
•  Smart grid upgrades.
•  Little Sugar Loaf Wind
Farm.
•  Ballynamuddagh Wind
Farm.
•  PV Array scheme for
retail and schools.
•  Biomass CHP scheme.
•  Coolagad Pump
Storage Hydro Scheme.27
Time Line NWEC Operations NWEC Projects
Storage Hydro Scheme.
•  Vartry Water Supply
Small Hydro Scheme.
Capital Projects
Figure 5: Greystones ESA – Showing NWEC Capital Projects28
(Note:  For more details on the characteristics of the following SEAs and, where not detailed
below, the basis for their estimated costs, see Appendix 1.)
Project Title: Smart Hub Installation
Completion Date: End of Year 1
Description: Installation of smart hubs for all customers.  This will allow for:
•  Discretionary storage for owners of electric vehicles.
•  Dynamic demand control.
•  Time of use tariffs.
•  Export of power generated with addition of power converter module.
Estimated Cost: ! 5,192,000
Project Title: Energy Efficiency Scheme
Completion Date: Year 5
Description: 50% energy efficiency savings for the most wasteful 20% of energy users.
Estimated Cost: ! 5,195,000 (this is based on !1000 / household)
Project Title: Communications Network Upgrade/ Smart Grid Upgrades (Balance of
System)
Completion Date: Year 10
Description: Initial balance of system requirements will need the implementation of a
high-speed communications network to link all the Smart Hubs.  Further
investment in the communications network will be deployed as generating
and storage assets are built.
Grid reinforcement will be required to support these new assets, including
enhanced protection, power electronics, automated switching, higher capacity
power lines and transformers, static power factor correction and so on.
Where possible all grid enhancements should be networked.
Estimated Cost: ! 10,000,000 (based on an available budget of !1,000,000 /year for the first
10 years)29
Figure 6: Location of Zinc Bromide Battery Array at Greystones ESA Sub-station/PCC
Project Title: Zinc Bromide Battery Array
Completion Date: Year 3
Description: The Greystones Substation Zinc Bromide Battery Array (100 kWh).  The
main purpose of this asset is to provide peak shaving and extend the capacity
of the PCC transformer.
Estimated Cost: ! 104,00030
Figure 7: Greystones Wind Array
a)  From South East
b) Plan View31
Project Title: Greystones Wind Array
Completion Date: Year 10
Description: The wind array consists of 15 turbines each of 1.65 MW rated output.  The
turbines are spread across 3 different sites:
•  Bellvue Wind Farm
•  Little Sugar Loaf Wind Farm
•  Ballynamuddagh Wind Farm
Estimated Cost: ! 20,220,750
Figure 8: Coolagad Pump Storage Hydro Scheme
a)  Plan View32
b)  View from Top Reservoir Towards Lower Reservoir
Project Title: Coolagad Pumped Storage Hydro Scheme
Completion Date: Year 8
Description: Coolagad Pump Storage Hydro Scheme has a height difference of 170m
between the high and low reservoir.  The reservoir capacity is 31500 m
3.
Based on a flow rate of 1000 L/s a turbine with a nominal capacity of 1250
kW would be able to run for 8.75 hrs giving a storage capacity of 10500
kWh, with a round trip efficiency of 70%.
Estimated Cost: ! 2,204,00033
Figure 9: Vartry Water Supply Small Hydro Scheme
    a) Vartry Water Supply b) Location of Hydro Turbine
                     
Source (Fig a.): ‘Dublin Regional Water Network’ Dublin City Council,
http://www.dublincity.ie/WaterWasteEnvironment/DrinkingWater/Documents/Dublin%20Region%20
Water%20Newtork.pdf, viewed 10 September 2010.
Project Title: The Vartry Water Supply Small Hydro Scheme
Completion Date: Year 7
Description: Greater Dublin consumes an average of 5787 L/s
23.  The Vartry Reservoir
forms part of the water supply for the city.  The water supply from the
reservoir to South Dublin follows the N11 road that borders the Greystones
ESA in the west.  Estimating that Vartry supplies 11.5% of the city’s needs
equates to an average flow rate of 665 L/s.  Positioning a small hydro turbine
on a downhill section of the supply line could generate about 74 kW.
Estimated Cost: ! 441,500
                                                   
23 ‘Environment: Water’, Dublin.ie, 2010, http://www.dublin.ie/environment/water.htm, viewed 25
September 2010.34
Figure 10: Roof Top PV Array for Schools and Retail Programme
Project Title: The Roof top PV Array for Schools and Retail Programme
Completion Date: Year 7
Description: The first phase of this programme would find 4010 m
2 of rooftop installed
with PV array.  Based on 12% efficiency this would equate to 481 kWp.
Whilst this is a NWEC led project, it would be expected that property
owners might take advantage of NWEC’s financing options and install PV
generation themselves.  No assumptions have been made on the scale of
this additional generation and it has not been modelled.
Estimated Cost: ! 2,501,20035
Figure 11: Biomass Combined Heat and Power Scheme
Project Title: Biomass CHP Scheme
Completion Date: Year 8
Description: 100 hectares is to be used for growing biomass for energy.  This includes
existing wooded areas and land re-allocated from use as a golf course to
growing energy crops. Based on an estimate that this will yield 100
GJ/hectare/year
24. The Biomass energy converters are assumed to be 23%
efficient. This equates to a total yearly resource of 638888 kWh.  The three
100 kW generator schemes are:                                                    
24 J Tidwell & T Weir, Renewable Energy Resources, 2
nd edn, Taylor & Francis, Abingdon, 2006,
p.363.36
100 kW generator schemes are:
•  Central Greystones
•  Charlesland Housing Estate
•  Farrankelly Housing Estate
Waste heat from the generators will be used to augment residential heating
systems in the three areas listed.
Estimated Cost: ! 5,439,200
NWEC Operating Philosophy
The day-to-day operating philosophy of NWEC is to minimise power coming into the ESA,
and maximise exports at the greatest value.  The value of these imports and exports is time
sensitive and driven by market conditions of the SEM.  Using the assets developed over the
first 10 years of the concession, NWEC can build algorithms that allow its control system to
optimise the network to deliver the greatest benefits.
Control System Philosophy
The control system that manages the assets of NWEC must be configured to reflect NWEC’s
operating philosophy. The guiding principles of this control system can be described through
a number of simple statements. However, how these statements interact with the large
number of variables involved would lead to complex computations as the system configures
itself for optimum performance.
The key control system statements are as follows:
•  When generated renewable power exceeds demand power should be stored.
•  Excess power (including stored energy) should be exported to the grid if market
conditions make it economically viable.
•  Minimum levels of stored energy will be dictated by forecast demand and supply.37
•  When demand exceeds supply the following measures should be taken in priority order:
•  Dynamic demand control (including deferred and discretionary loads).
•  Use of electric vehicle discretionary storage.
•   Community storage schemes.
•  Import power from transmission network.
•  Power should be of imported if the cost of power is less than the cost of storage.
•  Customers on tariffs that have premium quality and supply guarantees must have their
needs met to fulfil service level agreements.
•  Frequency control is to be maintained by (in order of priority):
•  Use of variable generating assets.
•  Use of dispatch able generating assets.
•  Use of DSM.
•  Use of available storage
•  Imports of power.
•  Voltage Support and Reactive Power Regulation is to be provided by (in order of
priority):
•  Compensation by actively switched capacitor banks to provide power factor
correction.
•  Reactive power injection into the Greystones ESA grid from NWEC generating
assets.
•  Automated tap change of the PCC transformer.
•  Faults on the transmission network that cause a loss of all grid support will cause the
Greystones ESA to island and shed load or supply as necessary.  The PCC will remain
physically isolated until reconnection is authorised by the system operator.
•  Faults on the NWEC network will result in an automated isolation of the fault and a re-
configuration of the network.38
Chapter 4: ESCO Business Plan
General
The basic business model for the ESCO depends on the revenues that the ESCO can generate
from consumers in the ESA.  The ESCO would have the exclusive right to retail energy to
consumers within the ESA for the duration of the concession. The ESCO would have to buy
electricity at a wholesale rate and sell this on at a higher rate, thus generating a surplus.  This
revenue allows the ESCO to be a viable entity from start-up and attract investment to finance
the capital programme.
The ESCO will need incentives to invest in SEAs within the ESA and meet its obligations.
Set at the right level, bi-directional power purchasing arrangements will make the
investments in efficiency, generation and other infrastructure worthwhile.  To begin with, as
elements of the capital programme are completed, the need to purchase power from the grid
will decrease.  Then, when supply exceeds demand the sales of power to the grid will
generate additional revenue.  These two situations, created through investment, must be
more economically attractive than doing nothing.  The alternative is an ESCO living off the
mark-up of wholesale energy purchases for retail to consumers and not meeting its
objectives and obligations.
The ESCO must have a transforming effect on energy consumers within the ESA.  The
ESCO must provide its customers with incentives to help reduce their energy use.  It must
support and invest in increased domestic generation within the ESA.  The ESCO must also
encourage consumers to be flexible through the use of deferrable loads and storage.  A
suitable tariff structure is the primary means of achieving these aims, however, case studies
from developing countries demonstrate that ownership can be a powerful tool in promoting39
desirable outcomes.  Not only should the ESCO provide financing packages and practical
assistance for customers to install their own SEAs, but it should also promote community
ownership of some of the ESCO equity.  This has the added benefit of raising much-needed
funds in the first few years of the concession.  With a well-structured tariff and a stake in the
success of the ESCO, consumer behaviour should align with the objectives of the ESCO.
NWEC Business Plan - Revenue
In the Greystones Energy Services Area, North Wicklow Energy Company has a 10-year
capital investment programme and ambitious plans for consumers to play their part in
meeting NWEC’s obligations for the first 20 years of the concession. NWEC’s business plan
is to use the guarantee of revenue from the Greystones concession to attract investment and
secure finance for the first 7 years of operation. NWEC also wants to encourage individual
investment by its customers. This can be an investment in the equity of the company itself,
or in improving the energy efficiency of properties and appliances.  Financing packages to
help customers are on offer.  The ESCO business plan will avoid penalties by meeting
obligations, whilst making the company a successful enterprise that rewards its investors
with dividends and secures its future.
NWEC Power Purchasing Arrangements
Grid Imports:  NWEC has a bi-lateral arrangement to purchase power at fixed wholesale
rates based on time of use for the first 20 years of the concession.  This is at a fixed rate for
Peak, Day and Night periods.  There is a maximum ceiling of power imports over the year.
This is equal to the power used in the year prior to the Greystones ESA concession starting.
NWEC must purchase power consumed above that ceiling at spot prices.
Grid Exports: NWEC has a bi-lateral arrangement to sell power at the same wholesale rates
described above for Day and Night periods.  The other party must take this power at40
anytime.  For surpluses during the Peak period the other party will pay a 12.5% premium.
The arrangement is fixed for the first 20 years and applies up to a ceiling that exports do not
exceed imports in any month.  Surplus to this will be settled at spot prices.
Balance Tariffs:  If NWEC develops systems that allows surplus power to balance the
network on dispatch, and forecast times when the grid is required to export power in to the
Greystones ESA, then all power exported into the grid by dispatch will be done at a
premium.  Conversely periods of short notice imbalance will attract a penalty.
Watt-less Charge: NWEC is penalised for all periods of time where the power factor is less
than 0.95, whilst a power factor above 0.95 attracts a payment in kind.
NWEC Obligations: Rewards and Penalties
Obligations written into the concession license must be met by NWEC.  Not meeting the
obligations results in NWEC making penalty payments to the regulating authority, whilst
meeting or exceeding the obligation results in reward payments made to NWEC.  The
magnitude of reward or penalty is proportional to how much the obligation is exceeded or
missed.  Funding for the reward is provided through a transfer of funds earmarked for
avoided infrastructure projects or fuel imports.  Some of this would be in the form of a levy
on the grid operator and centralised generators.
These obligations are:
•  Energy Reduction: The energy reduction obligation is a measure that rewards or
penalises NWEC for reducing energy demand.  The measure looks at absolute energy
consumption and energy intensity comparing the baseline case of year –1 with the target
year.  The target years are year 5, 10, 20, 30, and 40.  The target level is set at the
beginning of the concession and is fixed for energy intensity.  However, the energy41
reduction target is modified by population change and significant one-off events such as
the building of a manufacturing plant.
•  Grid Stability: The grid stability obligation is a measure of how much NWEC is able to
manage stability within the Greystones ESA without needing grid support.  Voltage
regulation and maintaining system frequency within fixed parameters is a key task for
the system operator.  The better NWEC can ensure that the Greystones ESA can
maintain a balanced network, through the use of its own assets to balance loads and
inject reactive power; the less strain there is on the grid.  This in turn reduces
transmission losses and the need for the additional infrastructure to reinforce the
transmission network.  It also reduces losses caused by centrally generating reactive
power and the requirement for additional central generating capacity.  The measure
looks at the percentage of time that the grid is required to balance the Greystones ESA.
The target years are year 10 and 20, and the baseline is 100%.
•  Reliability and Quality:  NWEC has minimum system reliability and power quality
standards to meet. Not meeting these levels results in a penalty; there is no reward for
exceeding these service levels.
•  Carbon Tax Transfer: The carbon tax in Ireland is currently fixed at ! 15/tonne.  Every
tonne of CO2 avoided by renewable generation within the Greystones ESA, would result
in a payment to the ESCO of ! 15 by the regulating authority.  This would be a straight
transfer from revenue generated by the tax.  The baseline year is set at Year –1.
NWEC Modular Tariff Structure
NWEC’s strategy is to put in place a tariff structure that accurately reflects the value of the
energy services that it provides its customers and the value of services that they provide to
NWEC.
Time of Use Tariff (TofUT):  This is the basis of the tariff structure and reflects the cost of
electricity at time of use.42
Feed in Tariff (FiT):  Customers with deferrable storage, deferrable loads or their own
generating assets will be paid at the same retail rate that they buy electricity for their
contribution to the network.
Premium Power Factor (PPF):  Customers that demand a higher standard of supply
reliability and power quality than the standard level of service, would have to pay a premium
to NWEC.
Flexibility Factor (FF):  Customers with EV storage and appliances with dynamic demand
control should be able to set the level of flexibility they are willing to endure and this should
be reflected in the tariff.  For example, if a customer usually allows the deferrable storage on
their vehicle to be used when plugged in up to the set limit whenever required, that would
attract the highest level of flexibility factor and reduce their energy bill.  However if the EV
owner is due to go on a lengthy journey and requires their EV to be fully charged then there
will no longer be any deferrable storage available resulting in a flexibility factor of unity.
This can be applied to deferrable loads and whether they are fully deferrable in any 24 hour
period or constrained in some way.
Watt less charge (WLC):  Customers with a power factor less than 0.95 will attract a charge
for the reactive power that they consume.
Energy Efficiency Benefit (EEB):  The benefits of energy efficiency improvements may be
split between NWEC and the customer depending on the efficiency improvement financing
option chosen. These are described below.
The result of these factors is the following calculation used to determine a customer’s bill:
((TofUT + EEB – FiT) x PPF x FF) + WLC = Customer Bill43
Efficiency Improvement Scheme
To meet the obligations of the Greystones ESA concession, NWEC must achieve a reduction
in energy intensity and absolute energy consumption.  To achieve this NWEC must tackle
customers who use energy inefficiently.  Typically, this could be through a poorly insulated
building, old heating plant or inefficient appliances.  To tackle these issues a team is to be
established to carry out the following tasks:
•  Centrally apply for subsidies and grants on behalf of customers.
•  Offer a number of financing options to pay for improvements.
•  Centrally manage tenders for packages of work for a group of customers, there by
achieving economies of scale and reducing costs (see Appendix 1).
•  Actively engage with customers, targeting wasteful consumers.  Here the team would
survey a property and design a scope of works to address the most critical areas of
energy waste and inefficiency.
The basis of some of the finance packages requires the benefits of the improvements to be
split between NWEC and the customer.  Where this is the case, the Smart Hub will model
what consumption would have been if there had been no improvement.  The difference
calculated by this model equates to the benefits of the improvement work. These benefits are
then proportionally split between the customer and NWEC, with the customer paying
NWEC for their share of the benefits, depending on the financing package chosen.  There are
four financing packages for energy efficiency improvements and these can be offered to
domestic, commercial, public sector and industrial customers:
•  Equity Payment Scheme:  The customer pays NWEC the full cost of the improvements.
However, ownership of the system and all the benefits remains NWEC’s, with the
customer having an equity stake in NWEC equivalent to the improvement costs.  The
value of this stake should increase over time and will guarantee a dividend of a value of44
at least 20% of the benefits of the improvements even in years where no general
dividend is paid.  If at anytime the customer wishes to exercise an ownership option,
they can use the equity they own in the company to cover the cost or make a payment.
•  Full Payment Scheme:  Customers that want to pay for the improvements and enjoy
100% of the benefits of the improvements can make a full payment whilst still taking
advantage of the cost savings that NWEC’s centralisation of this work can achieve.
•  Financed Payment Scheme: Customers who still want to own the improvements made to
their property may choose to finance the cost with NWEC over a number of years.
NWEC offers interest free loans over 2, 3 and 5 year periods.   At the start of the loan
period NWEC enjoys 90% of the benefits of the improvements.  As payments are made,
the customer increases the proportion of the benefits they enjoy until final payment is
made and they own the system and all the benefits.
•  No Payment Scheme: Consumers who have extremely poor energy consumption but do
not have the means or motivation to invest in improvements could be offered a ‘No
Payment Scheme’.  NWEC will carry out the improvements and retain 100% ownership
of the improvements and 90% of the benefits. The customer may exercise the ownership
option, or switch to the Financed Payment Scheme at any time.  If ownership of the
property changes, the new owner will be offered the ownership option.
Other Sources of Revenue
As NWEC becomes an established ESCO, there are a number of other services from which it
may be able to derive income:
•  Revenue from Project Management/ Consultancy: The experience of establishing the
Greystones ESA will build expertise within NWEC that other entities, especially
ESCOs, will find valuable.45
•  Communication and Media Services:  The Smart Hubs within domestic homes have their
own wireless network and are connected to NWEC’s high-speed communications
infrastructure.  This may have sufficient bandwidth available to offer other services to
customers such as telephone, Internet and television. This could be offered directly or
more likely with partners who specialise in providing these services.
NWEC Business Plan - Financing
In the first 7 years of the concession, NWEC will require financing in order to provide start-
up funds, fund its capital programme and allow it to operate.  The funding should be a
mixture of the sale of equity and borrowing.
Sale of Equity
Widespread ownership of NWEC equity by the Greystones community underpins NWEC’s
business strategy. However it would be wise to achieve a balance of ownership by having
institutional investors as well.  The initial value of the company would need to be based on
future earnings discounted to the present day.  Due to the length of the concession NWEC
would be looking for investors to be long-term shareholders.
Borrowing
In order to provide a mix of financing and not be dependent solely on investors, NWEC will
also require bank loans to cover any funding gaps in the initial years of operation.  Where
possible these would be in the form of Green Loans at preferential rates (see Appendix 1).46
Chapter 5:  Technical Analysis of the NWEC Model
The previous two chapters have described the NWEC model explaining how an ESCO
serving the town of Greystones would operate and generate revenue.  By using the Homer
software a number of simulations can be set-up to analyse how the Greystones ESA would
perform both technically and financially. Homer, which describes itself as the ‘Micro-power
Optimisation Model’ is a simulation program that allows users to model a variety of different
generating and storage assets in a number of configurations, using different control
strategies. The Homer software, originally developed by NREL, was specifically designed to
optimise the design of power systems incorporating renewable electricity generating
technologies in off-grid and grid-connected systems. The power flow analysis that Homer
performs can reasonably be used to simulate a micro-grid. This is something that developers
of Homer are doing in the city of Boulder, Colorado
25.  Appendix 2 explains in detail how
the simulations were set-up and what assumptions were made.  The analysis below is based
on the simulation of Year 11 of NWEC’s operation when all projects described in Chapter 3
have been completed.
                                                   
25 ‘Modeling Boulder’s Energy Options: HOMER Energy and CU Collaborate to Simulate More
Renewable Energy’, Homer Energy, 2010,
http://www.homerenergy.com/press_releases/pr_boulder091710.pdf, viewed 10 September 2010.47
Grid Imports/Exports
Figure 12: Homer Screen Shot Showing Annual Electricity Production
Figure 13:  Homer Screen Shot Showing Monthly Grid Imports and Exports48
In Year 11, 68% of the load is met by renewable generation from within the Greystones
ESA.  As a percentage of energy produced by its own resources, the ESA exports 26%. To
balance the system NWEC must import 40% of its energy, as a percentage of total load.
Moreover, during March NWEC is a net exporter of electricity.  On this basis NWEC is
meeting the obligations and mission laid down by the regulatory authority.  However,
significantly over 98% of NWEC’s energy is provided from wind.
Generating Resources
Wind
Figure 14: Homer Screen Shot Showing Distribution Map of Power Generation From
Greystones Wind Array
•  The Greystones Wind Array has a capacity factor of almost 38%, which is good.
Furthermore, power production peaks at the start and end of the year when loads peak.
Based on the data, the levelised cost of electricity generated by the wind array is 0.0303
!/kWh.  The wind data used from Dublin Airport provides an average wind speed of
approximately 5.11 m/s, which is less than the 8.25 to 9.25 m/s at 100 m in the Irish
Wind Atlas
26.
                                                   
26 ‘Wind Atlas’, Sustainable Energy Authority Ireland, 2003, http://maps.seai.ie/wind/, viewed 4
September 2010.49
PV
Figure 15: Homer Screen Shot Showing Distribution Map of Power Generation From
Greystones PV Array Scheme for Schools and Retail
The PV arrays achieve peak production during the summer, making it a good fit with the
wind array.  However, with rated output at no more than 481 kW and peak output at 460 kW,
this contribution is negligible.  The capacity factor for the PV array is 9.81% and the
levelised cost of electricity is 0.631 !/kWh.
Biomass CHP
Figure 16: Homer Screen Shot Showing Distribution Map of Power Generation From
Biomass CHP Generator
The three biomass generators achieve very similar results.  The generators are constrained by
the amount of feedstock available (approximately 500 tonnes/year). They are also forced on50
during peak load periods (1800-2400) during the winter months (Nov-Feb). However for the
rest of the year they run on an optimised control strategy that results in the generators
operating during the Peak tariff period only.  The capacity factor for the generators is 15.2%
whilst the cost of electricity is 0.134 !/kWh.  Surprisingly, the generators did not consume
all the available feedstock available in the year.
Small Hydro
The Vartry Water Supply Small Hydro Scheme has a rated output of 88.3kW, and achieves a
mean output of 69.7 kW, which is a 79 % capacity factor.  The turbine generates electricity
at a levelised cost of 0.0742 !/kWh. The system is simulated as generating power at a
constant rate throughout the year.
Storage
Figure 17: Homer Screen Shot Showing Data of the Power Flows to and from the
Aggregated Model of the Available Power Storage in the Greystones ESA51
In order to simulate the available storage available to NWEC, the EV storage, Zinc Bromide
Battery Array, and the Coolagad Pump Storage Hydro Scheme had to be aggregated. Also
within the simulation, a system control set-point to top-up the storage to a minimum 10%
state of charge (SOC) after complete discharge was established.  The pump hydro scheme
makes up 80% of the ESA’s available storage.  It should also be noted that in the case of
pump storage 100% SOC equates to a full top reservoir.
The simulation shows the storage discharging completely at 1700 every day when peak rates
make electricity sales to the grid the most attractive, and purchasing power from the grid is
at its most expensive.  Otherwise the aggregated storage is at 100% state of charge almost
50% of the time.  It is evident that the 1700 discharge predominates the operation of the
storage.  The losses incurred by the round-trip efficiency of the storage equate to 1.6% of the
load or all the non-wind renewable generation within the grid.  The cost of power provided
from the storage is 0.223 !/kWh.
Optimal Solution
Figure 18: Homer Screen Shot Showing Optimal Configuration of Greystones ESA
Homer determines the optimal system configuration based on net present cost.  From this
simulation the Greystones ESA would be better served by NWEC not building the PV array52
and the pump storage scheme.  However, the pump storage scheme would be essential to
achieve a level of dispatch and system balance in the future.
Grid Only, Do Nothing Scenario
Figure 19: Homer Screen Shot Showing the Key Indicators for the Do Nothing
Scenario
Figure 20: Homer Screen Shot Showing the Grid Imports for the Do Nothing Scenario
The grid only scenario has an annual operating cost of almost ! 14 million and a cost of
electricity that is over double the NWEC system.   Further economical analysis will be done
in the next chapter, but as a baseline it does demonstrate that the investment by NWEC into
the Greystones ESA turns net grid imports from 90.38 MWh/year, into 13.21 MWh/year
equating to an 85% reduction.53
Off Grid Scenario
Figure 21: Homer Screen Shot Showing the NWEC System Performance in the Off-
grid Scenario
Without grid support, the NWEC system would not be able to meet 37% of the total load.
However, just over 16.5 GWh of electricity would be wasted because supply exceeded
demand.  In effect it would take over 35 additional pump storage schemes of the same scale
as Coolagad to store all excess electricity.  Even in that situation just over 23% of the load
would remain unmet.
System Balance/Grid Stability
Figure 22: Homer Screen Shot Showing Distribution Map of Power Purchased from
the Grid54
Figure 23: Homer Screen Shot Showing Distribution Map of Power Sold to the Grid
Figure 24: Homer Screen Shot Showing a Snapshot of Power Flows from (Top) and to
(Bottom) the Grid
Despite the large reduction in net grid purchases, the NWEC system is extremely reliant on
the grid to achieve stability. To balance the system and act as a reserve, NWEC still imports
38 MWh/year into the ESA.  The distribution map of imports and exports shows that the
power flows across the PCC alternate frequently.  Taking just a random day in May, the
power flows switched 5 times in a 24-hour period.  These reverses are often sudden and can
be extreme.  It should be remembered that this is from a simulation with an hourly step rate,55
real life would inevitably be more frequent and some form of hysteresis would be necessary
to stop flutter.  From the system operators point of view this would be a highly undesirable
situation.  The system operator would prefer constraining NWEC’s operations with
forecasting commitments, scheduling and balancing responsibilities. This would likely result
in an increase in net imports and excess electricity.
Combined Effect of Deferrable Loads and Large Scale Storage
Figure 25: Homer Screen Shot Showing Monthly Electricity Load
It is also clear from the simulation that the storage discussed above and the addition of
deferrable loads, have a distorting effect on the grid imports.  The limit set on the
transformer at the PCC of 23 MW is regularly met, even though the combined peak load of
the primary and secondary loads could not exceed 22.9 MW, and the grid only simulation
shows the peak demand never exceeding 20 MW.  An analysis of total electrical load met
shows that it peaks at 35 MW.  This is 75% above the peak predicted from the baseline case.
What this does suggest is that if NWEC did have balancing and scheduling commitments to
the system operator, it would be able to use this headroom to modify control strategies and
mitigate the overall impact of these network requirements.56
Reliance on Wind
Figure 26: Homer Screen Shot Showing Wind Speed v Renewable Power Output
Figure 26: Homer Screen Shot Showing Wind Speed v Grid Sales57
NWEC is very dependent on wind and its wind powered generating assets.  In terms of
renewable output there is a strong correlation between wind speed and total renewable power
output.  It is also possible to demonstrate a correlation between wind speed and exports to
the grid.  On the whole, grid exports occur above a wind speed of 5.5 m/s.  NWEC would
need to have a sophisticated model of the interaction of the ESA’s predicted load and
forecast wind speed.  NWEC would then be able to develop complex control strategies for
the system.  This would be essential if NWEC must forecast power flows to the system
operator.
Greystones ESA Grid Stability
The Homer simulation is not capable of modelling a full network and how the system
operates in transient conditions.  It would be important for NWEC to have an understanding
of how the Greystones ESA grid behaves as demand and supply change and consequently
how stable the network is.  To do this, parameters such as voltage, current, frequency and
power factor would need to be simulated across the system.  An understanding of harmonics
and fault conditions in the network is equally important. There are powerful simulation
programs such as ERACS
27 capable of performing analysis on a power system such as the
Greystones ESA and providing data on transient stability, power flow, harmonics and fault
conditions. A simulation such as this is beyond the scope of this paper but the subject of
stability does deserve some discussion.
Frequency Control
Frequency Control is maintained by matching supply to demand.  Fuel governors on large
rotating thermal generators responding to changes in network frequency usually perform this
short-term system balancing.  If large loads are switched in suddenly, the frequency drops
                                                   
27 ‘ERACS – Power System Analysis Software’, Cobham Technical Services,
http://www.era.co.uk/services/eracs.asp, viewed 13 October 2010.58
and the fuel supply is increased to maintain the turbine at the same speed.  The inertia of the
turbines is helpful; the stored energy in the rotating mass allows the system time to correct.
The situation is the same if a generator on the system trips and is no longer supplying power.
Longer term balancing is managed by scheduling generating plant to meet forecast demand.
For NWEC, balancing supply and demand will crucially depend on the grid.  The inertia
provided by wind turbines is not on the same scale as a thermal plant, and the power
generated by wind will rarely match demand on the local grid.  Storage and dynamic demand
control will help NWEC to soak up excess power and make up the difference when demand
exceeds supply. This, along with the use of the biomass generators, will reduce reliance on
the grid to balance the system but not eliminate it.  Moreover, the system operator will be
keen to see NWEC schedule its power flows into and out of the grid, allowing them to
organise and balance the whole system.
Voltage Regulation
In AC systems voltage regulation is dependent on reactive power.  Generators have
automatic voltage regulation that monitors the voltage level at the terminals and changes the
excitation level to address any difference.  This alters the amount of reactive power
generated.  Further down the transmission network the majority of voltage regulation is
performed by tap changing transformers.  If a large load suddenly disappears from the
network, the transformer will change the ratio of the primary and secondary winding to keep
the voltage on the secondary as close to nominal as possible.  The loss of a load that is a
large consumer of reactive power will cause an excess of reactive power in the system and a
voltage rise.  Ideally, with the power factor at unity, the switching in and out of loads would
have no effect on the voltage.
NWEC has a number of methods with which it can maintain voltage levels.  Firstly by
switching in and out capacitor banks NWEC will be able to compensate for reactive power59
and maintain power factor close to unity.  Equally, by using power converters on its
generating and storage assets capable of 4-quadrant operation, NWEC will be able to
consume or generate reactive power.  Finally, the tap-changing transformer at the PCC will
be capable of changing the primary and secondary ratio to maintain nominal voltages
through automatic voltage control.  There is a real benefit to the system operator of NWEC
managing voltage regulation locally.  The need to generate less reactive power centrally
means that existing assets have freed up capacity to generate and transport active power.
Distribution Network Impacts of Embedded Generators
The installation of significant levels of generating (including storage) assets on the
distribution network of Greystones will inevitably have an effect on the existing
infrastructure.  This will need to be considered and solutions developed, as the effect could
result in poor quality power, catastrophic failure and serious safety concerns otherwise.
Some of the key issues are:
•  Fault Level.  The level at which protection devices are designed to operate will alter with
additional generation.  The lower the fault level the more effect a generator will have on
the network.
•  Voltage Effects (Rise, Flicker, Sags and Swells). Additional generation tends to raise the
voltage and needs to be compensated for.  Flicker occurs with the rapid variation of
active and reactive power, this can be caused on a wind turbine by turbulence, however
large variable speed turbines tend to smooth out these effects.  Sags and swells can occur
when generators are switched on or off, however the use of advanced power converters
virtually eliminates this effect
28.
•  Thermal Limits.  Transformers, overhead lines and cables have limits on the amount of
power that they can carry.  The addition of large-scale generation on a cable designed
originally to supply consumers may exceed this level.
                                                   
28 L Freis, & D Infield, Renewable Energy in Power System, 1
st edn, Wiley, Chichester, 2008, p.185.60
•  Power Quality (Harmonics).  The large number of inverters that could potentially be
deployed on the ESA network could lead to issues with power quality and especially
harmonics.  Most inverters have some form of filtration, however NWEC may need to
deploy some active filtration to address significant issues and provide premium services.
•  Islanding.  The Greystones ESA will island if the grid develops a fault and power is lost.
In this state NWEC will have to manage without grid support and may have to shed load
or supply.  Importantly, safety devices and protocols will need to be in place to ensure
that the ESA doe not back feed the grid and risk the safety of workers trying to correct
the fault.
Along with the resizing of fault protection devices, network reinforcement is usually the only
way to resolve the issues described above.  For NWEC the solution could be:
•  An AC Bus at the Greystones ESA substation.  All generating assets could be connected
directly to the bus, rather than through the distribution network. This will be expensive,
but would allow the ESCO considerable flexibility.
•  An AC-DC-AC link with the grid.  This DC bridge would effectively decouple the
Greystones ESA from the grid.  It would mean that NWEC could have full control of
system frequency and voltage regulation.  It would also allow NWEC to ride through
faults external to the ESA. Importantly, secondary ties that exist between the Greystones
ESA and neighbouring distribution systems would require a similar link or be severed.
However, to increase diversity and reliability, the ESA should retain some alternative
links.
Smart Hubs
One of the key enabling technologies in for NWEC is the Smart Hub.  This device not only
meters power consumption, it actively manages demand and the scheduling of loads, and
where necessary manages the power flows from storage and domestic generation. The61
Zigbee Smart Energy Platform offers most of the above functionality
29.  Furthermore, the
large number of products already using this protocol demonstrates that the technology is
maturing and the prospect of wide spread adoption can be expected in the next decade.
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Chapter 6:  Economic Analysis of the NWEC Model
The data generated by the Homer simulations can be used to help predict the economic
performance of NWEC.  Specifically, data from Homer has been used to generate revenue
projections for the Greystones ESA and allow a comparison of the base case when no ESA
enhancements are made, with the completion of NWEC’s 10-year capital programme.
Appendix 3 contains the spreadsheet for this 20-year analysis and assumptions made.
NPV
Figure 27: NPV Sensitivity to Discount Rate
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In Year 20 the net present value (NPV) of NWEC is ! 43,902,705 using a discount rate of
6%.  This compares to a NPV of ! 17,105,233 in the do nothing scenario.  Based on the
assumptions made and the Homer simulations, it is clear that economically it is more
beneficial for NWEC to carryout its programme of investment rather than just retail the
wholesale electricity it buys from the grid.  Furthermore, the shareholders of NWEC would63
benefit from a dividend paid from year 8 and the increase in the value of their shareholding.
The NPV remains in favour of investment up to approximately 12 %
NWEC Finance
Equity Value
Initially, NWEC’s value is estimated to be ! 16 million.  An initial public offering of 2
million shares representing 50% of the company would raise ! 8 million.  The return on this
investment represented by the NPV is almost 300%.
Borrowings
In order to finance NWEC’s investment programme in the early years, the ESCO is required
to seek business loans to ensure it has enough cash to cover its costs.  The total borrowings
required are ! 20,800,000 spread over the first 6 years of operation.  All loans are repaid in
Year 11.64
Sensitivity to Wind
Figure 28: Sensitivity of NPV to Capital Cost of Wind
30
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Figure 29: Sensitivity of NPV to Average Wind Speed
NPV v Decrease in Wind Speed
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Wind power is the key driver of economic success for NWEC.  A sensitivity analysis on
increases of capital cost and a sensitivity analysis on reduced power generated by wind gives
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us some idea of how robust NWEC’s success is.   If the capital cost rises by over 300%, then
the NPV of NWEC is reduced to approximately the same level as the do nothing scenario.
Equally, if the average wind speed decreases by 25%, the NPV decreases to about the same
level as the do nothing scenario.  A combination of a cost increase of 200% and a reduction
of average wind speed by 25%, results in an NPV of ! 3,022,180.
Key Economic Drivers
The key economic drivers for NWEC are as follows:
•  Guaranteed revenue from retail is equivalent to an economic rent and guarantees NWEC
income.
•  Reducing the amount of grid imports and maximising grid exports drive increasing
revenue.  Furthermore, it is the addition of renewable generation that has the most
significant effect on revenues.  Not only does this generation reduce NWEC’s imports
and increase exports, but it also results in a transfer from the carbon tax.
•  Wind is vital to NWEC.  Without wind generation, or a significant increase of capital
costs, or a significant failure of the wind resource to match predictions, the investment
opportunities in the Greystones ESA are a lot less attractive.66
Chapter 7:  Analysis of the Social and Policy Impact of NWEC
The impact of NWEC on the town of Greystones will be profound.  The ESCO’s plan will
lead to an altered landscape and the intrusion into every household with the installation of
Smart Hubs.  Consumers will have an altered relationship with energy, how they use it and
when they use it.  Consumers will also be encouraged to invest in NWEC and will be
engaged with their energy provider at a much more personal level than occurs now. This
may be with efficiency programmes in their homes or with Smart Hubs switching on and off
their appliances as the ESCO manages demand.  However, the current energy policy of the
Irish government would need to change if the ESCO model, as described above, were to
become a reality.67
Social Impact on Greystones of ESA Development
Figure 30: Greystones ESA Showing the Proposed Projects of NWEC’s 10-Year
Capital Programme (See Figure 5 for more detail)
The development of local resources for the generation of renewable energy is often
associated with resistance from communities. An intensive programme, such as that of
NWEC, would inevitably cause a reaction.  The representation above shows some of these
impacts.68
•  The wind turbines, represented in Figure 30 by the green blocks showing a hub
height of 100m, will dominate the skyline around Greystones. The locations of the
wind farms are significant landmarks and areas of natural beauty (See Figure 31).
•  The use of land for energy crops would also be controversial. The NWEC plan
changes the use of a golf course and alters the look of the Coolagad beauty spot.
•  The Coolagad beauty spot will also be disrupted with the construction of the
reservoir and penstock for the pump storage scheme.69
Figure 31: Proposed Sites for Greystones Wind Array
         a) Bellvue Wind Farm      b) Ballynamuddagh Wind Farm
c)  Little Sugar Loaf Wind Farm
Considerable opposition could be expected from homeowners.  Greystones is a desirable
place to live with high house prices.  Homeowners would inevitably fear an impact on these
prices.  With wind such a vital component of NWEC’s strategy, there would have to be a
robust communication plan that delivers a compelling argument for their development.
Legislation for the establishment of ESAs will require a mechanism for compulsory land
purchase, however the ESCO should avoid the use of the courts as the cooperation of the
community is vital.  Moreover, community ownership may be the best tool for overcoming70
objections as a decrease in house prices could be offset by an increase in the value of the
ESCO and the long term energy security of having local power generation.
Policy Hurdles to the Establishment of ESA Concessions
As discussed in the previous chapters the concession is rent-free; the winner of the
concession does not pay for the privileges they are given. They are chosen on the basis of
their investment plans and not on how much they are willing to pay in an auction.  This
makes the concession very attractive; concessions guarantee revenue from retail energy
sales.  The moral hazard of just living off this economic rent and investing nothing must be
avoided.  Ensuring that statutory service obligations that are not met result in significant
penalties can do this.  Moreover, progress will need to be frequently monitored.  ESCOs that
are consistently not delivering will need to have their concession withdrawn as an ultimate
sanction.
The establishment of ESAs is a challenge to the existing actors in the energy generation and
transmission sectors.  Centralised generators may argue that investment will be diverted
from them.  Whilst grid operators will be concerned with the impact of the distribution
network being carved up into a large number of independent micro grids with significant
embedded generation. Maintaining safety standards, grid stability and diminishing control
will be key sources of resistance to ESAs from the system operator.  The relationship
between the ESCO and the system operator at the PCC would need to be regulated.
The NWEC model gives the ESCO the right to be the sole supplier of energy services to
customers.  This will disrupt the current retail market established to reduce energy costs for
consumers who have a right to choose who supplies their energy.  Not only would the
current market players oppose such a move, but consumers would also be worried that a
monopoly would impose higher prices.  This could become a highly emotive area, not only
would there need to be regulation of the price an ESCO could charge consumers within the71
ESA, but the long term economic benefits of developing SEAs locally would need to be
clearly articulated to worried consumers.
Policy Change and Legislation Requirements
The establishment of the ESA concessions will result in a change in policy and legislation.
This will involve a fundamental shift by the government that alters the current energy
landscape in Ireland.  If a policy promoting the establishment of ESA concessions were
adopted, legislation would need to:
•  Govern how the concession is constituted.
•  Lay down the rights and obligations of the ESCOs.
•  Spell out the rules regulating the relationship of the ESCO with the system operator.
•  Lay down the rights of consumers and provide them with some protection.
•  Regulate pricing structures.
•  Handle permits for the development of the ESA with physical SEAs.
•  Provide resources to manage the regulation of ESCOs and ESAs.72
Chapter 8: Current Paths to Local Sustainable Energy Assets
If the argument is accepted that a sustainable energy future requires the use of distributed
assets and that the relationship consumers have with the energy they use must undergo a
paradigm shift, then the question is ‘how should this best be achieved?’  The last four
chapters have discussed the use of an ESCO exclusively operating in an ESA to make this
happen.  It is now worth considering the structures that Ireland has in place now and how
effective the current path is to deliver Ireland’s sustainable energy future.
Top-Down Investments and Bottom-Up Incentives
Broadly speaking the delivery of distributed generation and consumer efficiency can be
divided into top-down investment and bottom-up incentives.
Top Down Investments
A telling exchange of correspondence was published on the web between a house owner and
the UK National Grid that helps illuminate the difficulties national system operators and
large centralised generators have when it comes to local distributed SEAs.  The house owner
was enquiring what mechanisms where in place for exporting dispatch able electricity to the
National Grid and being paid market value.  The National Grid, although encouraging,
responded that they are only interested in MW blocks of additional generation
31.  For the
National Grid small generators are only noise, without aggregating these small distributed
resources, the system operator sees little benefit of including them in their centralised plans.
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Grid 25 was published in 2009 by Eirgrid
32 and describes a ! 4 billion investment plan to
reinforce the Irish transmission network.  The strategy focuses on increasing capacity for
coping with increased loads and an expansion of large-scale renewable generation.  It does
not consider the effect of embedded generation or the potential for this to defer or avoid
expensive infrastructure investments described in the document.
ESB networks, working closely with Eirgrid on the strategy for the transmission network
also have a responsibility for developing the distribution network.  The major project they
have undertaken has been the upgrading of Ireland’s MV distribution network from a
nominal voltage of 10 kV to 20 kV
33.  There is little other information on development of the
distribution network, however ESB Networks are responsible for the connection of micro
generation
34 and larger-scale community scale generating plants
35 to the network.  Although
ESB Networks do not exclude distributed energy assets and have mechanisms for their
connection, there is no programme for promoting and developing the resources at this level.
Bottom up Incentives
SEAI has a number of grants previously described in Chapter 1 of this paper.  Other
assistance for consumers to actively improve efficiency and develop promising renewable
resources for generation include:
•  Comprehensive library of information resources available on SEAI website.
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33 ‘Our Infrastructure: Medium and Low Voltage Renewal Projects’, ESB Networks,
http://www.esb.ie/esbnetworks/en/about-us/our_networks/index.jsp, viewed 9 September 2010.
34 ‘Connect a Micro-Generator’, ESB Networks, http://www.esb.ie/esbnetworks/en/generator-
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35 ‘ Connect a Renewable/Embedded Generator, ESB Networks,
‘http://www.esb.ie/esbnetworks/en/generator-connections/gen_connection_export.jsp, viewed 8
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•  The ESB Halo initiative
36, which provides a ‘one stop shop’ service for domestic
customers.  This includes an energy survey of the property, quotes for improvements
and installation.
Dundalk 2020
37
Figure 32: Dundalk 2020 – Map of Sustainable Energy Zone
Source: ‘Sustainable Energy Programme’, Dundalk Chamber of Commerce,
http://www.dundalk.ie/sustainable-energy-programme.php, viewed 23 October 2010.
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http://www.seai.ie/Dundalk2020/, viewed 20 September 2010.75
The most promising development in Ireland to focus on delivering local, distributed,
Sustainable Energy Assets is the Dundalk 2020 project.  This pilot is coordinated by SEAI
and seeks to explore ‘Holistic Optimisation Leading to Integration of Sustainable
Technologies in Communities (HOLISTIC)
38’ through the establishment of a SEZ
(Sustainable Energy Zone, see Figure 31).  The SEZ is a 4 km
2 area with a good mix of
retail, residential, industrial and public sector buildings.
Dundalk 2020 has a number of work streams, these are:
•  Built Environment:  Retrofitting existing building stock for greater efficiency and setting
higher standards for new builds.
•  ESCO:  An ESCO operated district heating scheme and wind turbine.
•  Industry:  SEAI assistance to industry to help develop an Energy Management Action
Plan to reduce energy use.
•  Demand Side Management:  The use of smart meters.
•  Energy Bureau: Will measure and monitor energy flow, set targets and provide data for
measuring progress.
•  Socio-Economic Surveys: Research on the social and economic impacts of the Dundalk
2020 project.
The result of the Dundalk 2020 project should be research and data that can be used
throughout Ireland and by government to inform policy.  Worryingly, the project has gone
quiet and there are no readily available reports on progress, or when the project is due to be
completed.
Current Prospects
Top-down investments inevitably consider the economics of investment at a high level; they
do not explore the value that could be realised from smaller distributed investments.
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Furthermore, central utilities will view investment through the prism of developing their
existing infrastructure to meet their vision of the future.   Bottom-up assistance and
incentives are on the whole passive. The most promising programme is ESB’s Halo
initiative. This depends on individuals wanting to do something and taking that first step,
however it does lower the barrier to progress by streamlining the process.  It is to be hoped
that the Dundalk 2020 project provides the evidence required for a change in policy in
Ireland.  Otherwise the current approach will take a long time to deliver the benefits of
locally deployed distributed Sustainable Energy Assets.77
Chapter 9:  Conclusion
Through a review of the literature this paper developed a model to explore the hypothesis.
An analysis of the model using the Homer software provided performance data and this data
was then used in a life cycle cost and benefit study to estimate the economic value of the
model.  Further observations based on the literature review assessed the current prospects of
achieving sustainable energy use in communities with distributed assets.
The results of this analysis shows that based on the assumptions and the data used, within the
context of the Greystones ESA, a locally focussed ESCO can deliver distributed generation
and energy efficiency to communities in the developed world.  Moreover, this can be
achieved economically, to the profit of the ESCO and the benefit of the consumer.
Furthermore, it is likely that this would be implemented quicker than through the existing
sustainable energy mechanisms already at work in Ireland.   The paper also considered a
number of different methods of financing that would promote desirable investment into
energy efficiency by consumers or the ESCO.
The key limitations of this study have been the available wind data, the scope of the Homer
software and the depth of the economic analysis.  The wind resource data is based on
monthly averages from Dublin airport 30 km from Greystones. Whilst Homer, which
provides excellent data on power flow, does not provide any information on key grid
operating parameters in transient conditions or the effect of system faults. Equally, Homer
offers a limited number of control system parameters to investigate alternative strategies and
constraints and cannot model parallel storage devices or pump storage hydro schemes.
Furthermore, the economic analysis does not properly reflect the dynamic nature of the tariff
or the financing packages.78
The other limit of the paper has been the use of a very specific context.  Greystones should
not be considered representative of all of Ireland, let alone the developed world.
Demographics and the environment have an enormous bearing on how sustainable energy
use can be achieved. Urban areas would not have the resources to generate large amounts of
power economically to significantly reduce grid imports.  However, cities do have a
significant revenue base and efficiency measures, deferrable storage and dynamic demand
control could still make them an attractive proposition for investment by an ESCO.
Conversely rural areas will have a poor revenue basis but could have excellent prospects for
revenue generation from power exports.   Whilst this is speculation, this paper does suggest
that similar models to NWEC could be made to work in most circumstances.
This paper has achieved the aims of testing the original hypothesis by addressing the
research questions posed at the start of this dissertation. In conclusion:  The development of
local assets is essential to communities achieving sustainable energy use.  Moreover,
ESCOs, with local focus and a holistic approach to providing energy services, hold out the
promise of transforming their community faster than government or the incumbent power
companies and retailers.  Yet to achieve any of this, policies supporting the opening up of
this sector to ESCOs will be required.79
Recommendations for Further Research
Recommendations for further research can be divided into two areas.  There is the matter of
a more detailed analysis of the NWEC model operating in Greystones and an application of
the concepts and themes discussed in this paper to other areas with the objective of
formulating policy proposals for consultation.
Detailed Analysis of NWEC Model
The limitations of the research described previously can be overcome by further research.
•  Wind Resource.  A monitoring station could be set up at each of the wind farm sites
identified in the paper.  12 months worth of data could then be collected and assessed
using the measure correlate predict methodology using the detailed historical data from
Dublin Airport.  This would give a more accurate picture of the wind resource and the
economic viability of the sites.
•  Power System Analysis.  A detailed simulation of the Greystones ESA grid would be
able to provide data on system stability under transient situations and during fault
conditions.  Furthermore, this simulation must include modelling of parallel storage, and
especially pump storage.
•  Control Strategy Analysis.  A simulated environment driving a SCADA system would
enable investigation of control strategies and their efficacy.
•  NWEC Tariff Simulation.  The NWEC tariff is deliberately sophisticated so that retail
customers pay close to the real cost of electricity and are rewarded for sustainable
behaviour.  A simulation of this tariff structure would allow for an investigation and
optimisation of the proposed model.  Furthermore, this would provide the price of the
tariff components and therefore an appreciation of its impact on consumers.
•  Financing Package Model.  The NWEC finance packages considered in this paper80
should also be modelled and further examined so that their viability and effectiveness
can be assessed.
General Research
The themes and concepts explored in this paper used the specific context of an ESCO
operating in Greystones, Ireland.  To prove the validity of this analysis is universal, a study
of other potential Energy Service Areas should be undertaken.  It also follows that policy
proposals based on the general case should be developed.
•  ESA Modelling.  The use of SEAs will change between different areas, as resources and
demographics vary.  Modelling to the same level of detail a number of ESAs to confirm
viability across a varied number of environments would be an essential development
step towards any policy change in line with the concepts discussed in this paper.
•  Policy Development.  If further research was conducted and the case for Energy Service
Areas run by ESCO was proven, general policy proposals should be developed for
consideration by policy makers.81
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Glossary
AC – Alternating Current.
CHP – Combined Heat and Power.
CFL – Compact Fluorescent Lamp
CER - Commission for Energy Regulation.
DC – Direct Current.
DSM – Demand Side Management.
EEB – Energy Efficiency Benefit.
Eirgrid - Electricity network operator in ROI.
ESB – Electricity Supply Board, semi-state utility in ROI.
ESA – Energy Service Area
ESCO – Energy Service Company.
EV – Electric Vehicle.
FF - Flexibility Factor.
FiT - Feed in Tariff.
GIS – Geographic Information Service.
HV – High Voltage.
MV – Medium Voltage.
NI – Northern Ireland (part of the UK).
NIE – Northern Ireland Electricity, former state owned utility.
NWEC – North Wicklow Energy Company.
PCC – Point of Common Coupling.
PPF – Premium Power Factor.
PV – Photovoltaic.
ROI – Republic of Ireland.
RMI – Rocky Mountain Institute.
SCADA – Supervisory Control and Data Acquisition system.
SEA – Sustainable Energy Assets.
SEAI – Sustainable Energy Authority Ireland.
SEI – Sustainable Energy Ireland (forerunner of SEAI).
SEM – Single Electricity Market, the island of Ireland’s electricity market that cross the two
jurisdictions within the island.
SEMO – Single Electricity Market Operator.
SOC – State of Charge.
SONI – System Operator for Northern Ireland.
TofUT – Time of Use Tariff.
WLC – Watt less charge.1-1
Appendix 1: Sustainable Energy Assets
Figure 33:  Storage Device Data
a) Storage Device Performance Cost
b) Storage Device Capital
Source: ‘Technologies: Technology Comparisons’, Energy Storage Association,
http://www.electricitystorage.org/site/technologies, viewed 2 October 2010.
Table 2:  Sustainable Energy Assets1-2
Asset Asset Type Contribution to Sustainable
Energy
Typical Deployment and Costs
Flywheel Physical Can be used for voltage support,
peak shaving and frequency
regulation.
Round trip efficiency is 95%
and the installed capital cost per
unit of energy output is
approximately !5000/kWh
39.
Super
Capacitors
Physical Has a high rate of discharge,
could potentially be used in peak
shaving applications.
Round trip efficiency is 98%
and the installed capital cost per
unit of energy output is
approximately ! 300/kWh
40.
Water Tower
Storage
Physical Existing under utilised water
towers can be used as means of
energy storage.
Round trip efficiency is
approximately 75% and costs
would be limited to the
installation of a small hydro-
electric generator and control
system.  Utilisation is likely to
vary greatly with season.
Reservoir
Storage
Physical Existing under utilised reservoirs
can be used as a means of large-
scale energy storage.
As above.
Compressed
Air Storage
Physical Compressed air provides a means
of large-scale energy storage.
The most successful compressed
air storage schemes would take
advantage of naturally occurring
geological features to store
compressed air, releasing it
through a turbine to generate
power when required.  Round
trip efficiency is 75% and the
installed capital cost per unit of
energy output is approximately
!80/kWh
41.
                                                   
39 Technologies: Technology Comparisons’, Energy Storage Association,
http://www.electricitystorage.org/site/technologies, viewed 2 October 2010.
40 ibid.1-3
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installed capital cost per unit of
energy output is approximately
!80/kWh
41.
Un-
interruptible
Power Supply
(UPS)
Physical Usually consists of a battery bank
kept fully charged by a rectifier
that then provides a DC supply to
an inverter.  Provides reliability of
supply in the event of
interruptions.  By converting from
AC to DC and back to AC, the
power supplied by the inverter is
of much better quality than mains
supply.   The advantage of
widespread UPS is that a less
stable grid with significant
renewable penetration could be
tolerated with UPS sets providing
the required power quality for
those systems that need it.
Facilities such as data-centres,
hospitals and factories, have
critical functions that for which
the risk of depending on grid
power is too great.  UPS sets
provide electricity of good
quality at all times, and in the
event of a fault on the grid, or a
complete loss of supply, they
can protect the load for a period
of time dictated by the size of
the battery bank.  Based on the
use of lead acid batteries, round
trip efficiency is 75% and the
installed capital cost per unit of
energy output is approximately
!910/kWh
42. A central UPS
facility with separate power
lines to premium customers
could be a way that an ESCO
could provide a premium.
Thermal
storage
Physical Heat storage can be used to store
energy for long periods of time,
for example a ground source heat
pump system can deposit heat as a
by product of cooling in the
summer, utilising this in the
winter
43.  New technology such as
Pumped Heat Electricity Storage
(PHES)
44 promises to use heat
PHES has expected round trip
efficiency of 72-80% and an
installed cost of !13-65/ kWh
45.
                                                                                                                                                   
41 ‘Technologies: Technology Comparisons’, Energy Storage Association,
http://www.electricitystorage.org/site/technologies, viewed 2 October 2010.
42 ibid.1-4
Asset Asset Type Contribution to Sustainable
Energy
Typical Deployment and Costs
pump system can deposit heat as a
by product of cooling in the
summer, utilising this in the
winter
43.  New technology such as
Pumped Heat Electricity Storage
(PHES)
44 promises to use heat
storage as a medium to store
excess electricity generation.
This could be achieved at the
same scale as pump storage hydro
schemes, with a fraction of the
land area and at a competitive
cost.
Flow battery
banks
Physical Flow batteries such as Zinc
Bromide, can be deployed in grid
support applications.  They are
modular in design, and can be
sized for a particular site.  They
can be used for voltage support,
peak shaving as well as UPS
tasks.
Round trip efficiency is 80%
and the installed capital cost per
unit of energy output is
approximately !1040/kWh
46.
Plug in
Electric
Vehicles (EV)
Physical Plug in Electric Vehicles (EV) are
more efficient than fossil fuelled
vehicles with a typical efficiency
of 15 kWh/100 km
47 compared to
44kWh/100 km
48 for a compact
small engine car.  Even when the
electricity is provided by fossil
fuels there is an overall reduction
in the amount consumed.
The Irish government forecast
for 2020 predicts that 230000
EVs will be sold between 2011
and 2020, with 10% of all cars
in 2020 being made up of EVs
52.
                                                                                                                                                   
43 D MacKay, Sustainable Energy-Without the Hot Air, 1
st edn, UIT Cambridge, Cambridge, 2009,
p.152.
44  B Sampson, ‘Heat Treatment: Methods of Storing and Using Thermal Energy are Coming to the
Fore’, Professional Engineering, 5 May 2010, p.19.
45 ibid.
46 ‘Technologies: Technology Comparisons’, Energy Storage Association,
http://www.electricitystorage.org/site/technologies, viewed 2 October 2010.1-5
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Vehicles (EV) vehicles with a typical efficiency
of 15 kWh/100 km
47 compared to
44kWh/100 km
48 for a compact
small engine car.  Even when the
electricity is provided by fossil
fuels there is an overall reduction
in the amount consumed.
EVs must have energy storage.
Based on UK statistics, average
journey length can be estimated to
be 50 km
 49, whilst the typical
range of an EV is 160 km
50 with a
battery storing approximately 24
kWh
51.  Assuming a linear
relationship between distance
travelled and power used from the
battery, it follows that
approximately 16.5 kWh is
surplus per journey.  Using only
50 % of this capacity would
provide an ESCO the means to
utilise this for energy storage.
Furthermore, EVs tend to be
available and plugged in when
peaks occur (when people return
from work) and could be used as a
replacement for peaking plant.
EVs will be sold between 2011
and 2020, with 10% of all cars
in 2020 being made up of EVs
52.
EVs would be connected to the
grid via their charging point.
This can be made bi-directional.
The owner of the EV can
declare a minimum charge level
required for the next journey
and when that journey is
planned.  The more flexible the
declaration the better the tariff
for the EV owner.  The ESCO
can then use the surplus
capacity for storage or, when
charged, for supply.
                                                                                                                                                   
47 D MacKay, Sustainable Energy-Without the Hot Air, 1
st edn, UIT Cambridge, Cambridge, 2009, p.
127.
48 ibid, p.122.
49 ibid, p.29.
50 ‘Nissan Leaf Technical Specifications’, Nissan UK,
http://www.nissan.co.uk/#vehicles/electricvehicles/leaf/leaf-engine/specifications, viewed 10
September 2010.
51 ibid.
52 ‘Electric Vehicles – Driving Towards a Greener Ireland’, Paul Mulvaney Managing Director ESB
ecars, seminar at the Energy Show 2010, SEAI, Dublin, 14 April 2010.1-6
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available and plugged in when
peaks occur (when people return
from work) and could be used as a
replacement for peaking plant.
Pump Storage
Hydro
Schemes
Physical Pumped storage hydro schemes
use under utilised power stations
in the night to pump water from a
lower reservoir to a higher
reservoir.  This stored energy is
then used during the day when the
network is under stress during
periods of peak demand.  Pump
storage could also be used to store
excess renewable power and then
be used to balance the network
when supply is less than demand.
Round trip efficiency is 75%
and the installed capital cost per
unit of energy output is
approximately !200/kWh
53.
Small Hydro
Schemes
(SHS)
Physical Small Hydro Schemes generate
renewable electricity from water
through flow rate (run of the
river) or head height (traditional
hydro-electric schemes).  Hydro-
electricity is not intermittent and
has the advantage of being
dispatch able and reliable.
However, hydro-electricity can be
subject to seasonal variation.
Installed cost is approximately
! 5000/kW
54 but varies
considerably with location.
Power is generated at a cost of
approximately ! 0.0125/kWh
55.
                                                   
53 ‘Technologies: Technology Comparisons’, Energy Storage Association,
http://www.electricitystorage.org/site/technologies, viewed 2 October 2010.
54 ‘Hydroelectricity’, Energy Saving Trust, http://www.energysavingtrust.org.uk/Generate-your-own-
energy/Hydroelectricity, viewed 2 October 2010.
55 Erik Juliussen, Small Hydro – Possibilities and Experiences for Remote Communities, Norwegian
Water Resources and Energy Directorate, 2007, Oslo, p.7.1-7
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subject to seasonal variation.
Solar Thermal Physical Renewable solar thermal systems
can provide electricity or thermal
energy.
A flat plate collector installed
on the roofs of residential
houses can provide hot water
and heating for an installed cost
of approximately ! 3535 with
grants
56.  A 3.73 m
2 glazed flat
plate collector system installed
in Dublin will approximately
contribute 2 MWhth per year to
the thermal load
57.
Solar thermal plant producing
electrical power have so far
been developed for regions with
high clearness factors such as
Spain, or the South West USA.
Photo Voltaic
(PV) Arrays
Physical PV power uses solar radiation to
generate electricity and is a
renewable source of power.  PV is
dependent on the quantity of solar
radiation available; it is therefore
intermittent and variable.
However, it does have good load
matching characteristics in hot
climates and can be linked with a
complimentary renewable such as
wind.
PV panels can be placed on the
roof of residential or
commercial buildings. Installed
cost is approximately !
5200/kWp, with power
generated at ! 0.02/kWh
58.
                                                   
56 ‘Instant Online Quotation Calculator’, Alternative Energy Ireland, http://www.aei.ie/, viewed 2
October 2010.
57 This is based on a RETScreen Model, see http://www.retscreen.net/ang/home.php, for further
details.
58 J Aabakken, Power Technologies Energy Data Book, 4
th edn, National Renewable Energy
Laboratory, 2006, p.32.1-8
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complimentary renewable such as
wind.
Geo-thermal
heat/power
Physical Uses the heat available from
within the earths crust to generate
heat for thermal services and if
the heat energy is of high enough
quality, electricity as well.  If
done sustainably, geothermal
energy can be considered
renewable.
Installed cost per kW varies
widely and is dependent on the
geological formations in the
prospective region for a plant
and the technique used for
extracting the energy. Installed
cost for a Hot Dry Rock plant is
approximately ! 4312/kW, with
power generated at !
0.02/kWh
59.
Biomass
Combined
Heat and
Power (CHP)
Physical If the biomass is provided from a
sustainable source, a Biomass
CHP generator can provide
renewable energy in the form of
heat and electric power.  A
Biomass CHP installation is not
intermittent and has the advantage
that it can provide a predictable
supply making it both dispatch
able and reliable.
An ESCO could install a
Biomass CHP power plant
embedded in its distribution
network.  Not only could it
provide district-heating services,
but it also allows the ESCO to
increase the diversity of its
power supply options and
provide grid reinforcement and
balancing services to
compensate for more
intermittent renewable
generation. Installed cost is
approximately ! 1464/kW, with
power generated at !
0.036/kWh
60.
                                                   
59 J Aabakken, Power Technologies Energy Data Book, 4
th edn, National Renewable Energy
Laboratory, 2006, p.17.1-9
Asset Asset Type Contribution to Sustainable
Energy
Typical Deployment and Costs
power generated at !
0.036/kWh
60.
Wind
Turbines
Physical Wind Turbines generate
renewable electricity from the
wind.  Supply can be variable and
intermittent.  This can be
mitigated by having
geographically dispersed wind
farms or being linked with
complimentary renewable sources
such as PV.
Installed cost is approximately
! 817/kW
61, with power
generated at ! 0.00275/kWh
62.
Hydrogen
Fuel Cells
Physical Fuel cells provide a means of
generating clean electricity from
hydrogen and oxygen.  They are
very efficient. However, the
production of hydrogen currently
involves the reforming of
hydrocarbon fuel.  If the hydrogen
is manufactured through
electrolysis of water using surplus
renewable power available then a
fuel cell can be viewed as a means
of storing renewable energy.
Fuel cells cost approximately !
3461/ kW installed
63.  The
efficiency of reforming
hydrogen from water by
electrolysis is approximately
64%
64. Fuel cell efficiency is
approximately 50%
65.  This
gives an overall efficiency of
32%, which is a poor means of
storing renewable energy.
However, if the fuel cell can be
used in a CHP system overall
efficiency would be higher.
                                                                                                                                                   
60 J Aabakken, Power Technologies Energy Data Book, 4
th edn, National Renewable Energy
Laboratory, 2006, p.9.
61 ibid, p.39.
62 ibid, p.34.
63 ‘Future Fuel Cells R&D’, US Department of Energy,
http://www.fossil.energy.gov/programs/powersystems/fuelcells/, viewed 2 October 2010.
64 J Ivy, Summary of Electrolytic Hydrogen Production: Milestone Completion Report, National
Renewable Energy Laboratory, 2004, p.22.
65 J Aabakken, Power Technologies Energy Data Book, 4
th edn, National Renewable Energy
Laboratory, 2006, p.68.1-10
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efficiency would be higher.
Power
Electronics
Physical Power electronics are a group of
devices that allow for a high
degree of control over power
flows in a transmission system.
This allows for the integration of
variable renewable power and the
displacement of traditional
thermal plant.
Common power electronics, such
as Pulse Width Modulator (PWM)
power converters that are voltage
source and self-commutating can
provide the grid connection for
renewable generation.  This
allows for a high degree of
control over voltage, as these
devices are capable of 4-quadrant
operation and are therefore
capable of generating reactive and
real power into the grid as
required.  This is most effective
when all power transfer is through
such a device
66.
Power electronics can also be
used to load power lines more
evenly despite differing
impedance (Phase Shift
Transformers) providing better
utilisation of existing
infrastructure.
These grid connected power
converters can be used to
actively manage the power on
the grid, allowing grid stability
to be maintained.
                                                   
66 L Freis, & D Infield, Renewable Energy in Power System, 1
st edn, Wiley, Chichester, 2008, p.144.
67 ibid, p.123.1-11
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impedance (Phase Shift
Transformers) providing better
utilisation of existing
infrastructure.
There are a large number of other
devices that are referred to as
power electronics or are termed
Flexible AC Transmission
Systems (FACTS).
Modern power electronics are
made possible by components
such Integrated Gate Bipolar
Transistors (IGBT). These
components allow for the
electronic control of the transistor
gate, they are common in PWM
Converters
67.
Fault
protection/
Fault Level
Physical Circuit breakers are rated as
closely as possible to the
calculated network fault level
68.
The addition of generation may
change the fault level.  A fault
level that is too high may exceed
local protection and require a
resizing of protection devices
such as circuit breakers.  If this is
the case the system operator may
require the generator to be
connected to a higher voltage part
of the grid.
Distribution networks.
                                                   
68 L Freis, & D Infield, Renewable Energy in Power System, 1
st edn, Wiley, Chichester, 2008, p.187.1-12
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connected to a higher voltage part
of the grid.
In reality the higher the fault level
of the grid in that area is (known
as stiffness), the easier it is to
connect generating assets directly
without major changes to the
existing infrastructure.
Voltage
regulation
Physical  In a distribution network, the
objective is to try and maintain
network voltage as close to
nominal voltage as possible.
Usually, a tap-changing
transformer at the substation
achieves this.   This enables
voltage to be maintained on the
secondary coil as close as possible
to nominal.  With the increase of
SEAs embedded in the network
this regulation of voltage could be
achieved through use of power
electronics controlling and
generating the flow of reactive
power from energy sources.
Distribution networks.
Frequency
control
Physical In traditional thermal generating
plant frequency control is
achieved by the use of a governor
increasing or decreasing fuel
supply to the turbine maintaining
synchronous speed as demand
fluctuates.  For the ESCO
frequency control is achieved
through the use of active grid
Distribution networks.1-13
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synchronous speed as demand
fluctuates.  For the ESCO
frequency control is achieved
through the use of active grid
control and system balance.  This
can be achieved through the
switching in of storage, additional
generation or demand side
options.
Grid
Reinforcement
Physical Weak distribution networks,
especially those of a radial design
in rural areas, may require
reinforcement to accommodate
any substantial increase in
renewable power generation.
This could involve the connection
of generating devices at a higher
voltage node in the network or the
upgrade of power cables.
Distribution networks.
Smart Meters Physical At its most basic level, smart
meters allow power consumption
to be remotely monitored by the
power retailer, allowing for a
tariff structure that takes in to
account time of use.
This paper envisages Smart
Meters to be the energy hub of
each customer.  These Smart
Hubs would:
The Smart Hub would be
deployed to all customers.  The
installed cost for a Smart Meter
is approximately ! 650
69.  The
additional functionality of the
Smart Hub could increase the
cost to approximately ! 1000.
                                                   
69 Kris Szajdzicki, Why Smart Meters? The Benefits? The Costs?, ND Metering Solutions, 2008,
http://www.esta.org.uk/EVENTS/2008_04_Compliance_is_NOT_optional/documents/ESTAS2008N
Dv2web.pdf, viewed 8 October 2010.1-14
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each customer.  These Smart
Hubs would:
•  Communicate with
devices for
DSM/Dynamic Demand
Control using wireless
protocols and technology
such as Zigbee.
•  Dispatch or charge
discretionary energy
storage from plug in
EVs.
•  Monitor the power
imported and exported
from onsite generation.
•  Incorporate Energy
Management functions
for domestic customers,
such as scheduling
wireless enabled heating
plant.
•  Be accessible via a web
page for user
customisation.
Power Factor
Management
Physical Power factor can be managed
either through the use of
compensating capacitors used
near to loads, or through the use
of power converters that are
capable of injecting reactive
power into the grid.  By achieving
near unity power factor in the
distribution network, the central
Converters capable of 4-
Quadrant operation would be
the standard power converter for
connecting any power source to
the distribution grid.1-15
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of power converters that are
capable of injecting reactive
power into the grid.  By achieving
near unity power factor in the
distribution network, the central
generators and system operators
can reduce the amount of reactive
power required and use the
transmission network for active
power. This reduces power loss
on the transmission network
70.
Furthermore, the use of this freed
up capacity for active power
defers or avoids expensive capital
expenditure on upgrades to the
grid or additional generation
71.
the distribution grid.
Power factor correction
capacitors would be installed
very near to loads known to
require large amounts of
reactive power.
Commun-
ication
infrastructure
Physical To achieve active grid control and
complex tariff billing, the amount
of data that needs to be collected,
processed and acted on will be
significant.  Therefore one of the
vital initial activities of an ESCO
would be to establish a high
capacity, high-speed
communication network to act as
the backbone for all subsequent
improvements.
The Smart Hub is the crucial
component of this
communication network acting
as nodes.  Behind the hub,
consumers who have devices
capable of dynamic demand
control, or have their own
generation and storage will be
able to establish a network that
communicates with the hub and
responds to commands.
Upstream from the hub the
ESCO must have a data network
that allows communication with
the hubs and other enabled
devices on the ESCO’s micro-
grid.  Theses devices facilitate
                                                   
70 A Lovins, E Datta, T Feiler. K Rabago, J Swisher, A Lehmann & K Wicker, Small is Profitable, 1
st
edn, Rocky Mountain Institute, Boulder, 2006, p.225-229.
71 ibid.1-16
Asset Asset Type Contribution to Sustainable
Energy
Typical Deployment and Costs
Upstream from the hub the
ESCO must have a data network
that allows communication with
the hubs and other enabled
devices on the ESCO’s micro-
grid.  Theses devices facilitate
active grid control and
monitoring.  This network will
provide data to a SCADA
system that allows the ESCO to:
•  Actively manage the grid,
demand and supply.
•  Bill customers.
•  Deal with faults.
•  Perform analysis for
improvement opportunities.
Energy
Efficiency
Physical Energy efficient devices use
better design to reduce the use of
energy in achieving a given
service.  The effect of energy
efficient devices is to defer the
need for additional generation to
meet increasing load, or avoid it
completely.
Energy efficiency could also
involve the reduction of losses
such the use of better insulation.
For the purposes of this paper
energy efficiency has been given
the same value as adding
additional generation.
Energy efficient devices have
universal application.1-17
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the same value as adding
additional generation.
Service
substitution
Physical,
Human
There are a number of services for
which electrical power is used
that could be provided less
wastefully. This could be either
through a change in behaviour or
the adoption of appropriate
technologies.  Examples are:
•  Open the curtains and switch
off the lights.
72
•  Solar cookers rather than an
electric oven.
•  Passive solar heating rather
than electric space heaters.
•  Using stairs rather than a lift.
There are a large number of
ways that service substitution
can be deployed.  Though,
creative and innovative thinking
will be required.
Appropriate
use of energy
source for
appropriate
energy quality
Physical,
Human
High quality chemical or
electrical energy is often used to
provide low-grade energy services
such as heating.  It is less wasteful
to use the appropriate resource for
the appropriate service.
A Combined Heat and Power
(CHP) scheme uses waste heat
from power generation to
provide thermal energy services
such as hot water and space
heating.  This is less wasteful
than burning oil for heat.
Smart Grid Physical/
Information
The Smart Grid is a broad term
that describes the marriage of
power electronics, IT
infrastructure and automated
decision making within the
distribution and transmission
networks.  The result is a grid that
actively manages balancing and
frequency control, voltage
regulation and power flows
HV transmission networks
already have significant
monitoring and automation
available to system operators.  It
is the penetration of these
technologies within the MV
distribution system that will
make the grid smart.
                                                   
72 A Lovins, E Datta, T Feiler. K Rabago, J Swisher, A Lehmann & K Wicker, Small is Profitable, 1
st
edn, Rocky Mountain Institute, Boulder, 2006, p.8.1-18
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decision making within the
distribution and transmission
networks.  The result is a grid that
actively manages balancing and
frequency control, voltage
regulation and power flows
throughout.
A widespread increase of
distributed resources is enhanced
through the smart grid, whilst the
value of the investment in smart
grid technology is increased with
the addition of distributed
technology.
is the penetration of these
technologies within the MV
distribution system that will
make the grid smart.
Demand Side
Management
(DSM)
Information DSM allows the grid operator to
make rational decisions in
managing load and supply.
Rather than scheduling additional
generating capacity to meet
increasing load, the operator can
manage the demand and either
reduce or stabilise load to match
existing supply.  Equally, if
renewable sources were
generating a surplus, demand
could be increased to utilise the
power.
DSM agreements are generally
made between the operator and
large industrial users.
Increasing penetration of
information technology to the
lowest level of the distribution
system should begin to see
DSM take place for residential
customers.  For example,
domestic appliances could
autonomously shed load in
response to either direct
commands from the system
operator or price signals from
the internet.                                                    
73 A Lovins, E Datta, T Feiler. K Rabago, J Swisher, A Lehmann & K Wicker, Small is Profitable, 1
st
edn, Rocky Mountain Institute, Boulder, 2006, pp. 206-207.1-19
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For the purposes of this paper,
DSM to reduce load has the same
value as adding additional
generation
73, whilst DSM to
utilise surplus power has the same
value as energy storage.
operator or price signals from
the internet.
Grid
connection
standards
Information With the avalanche of potential
grid connected physical SEAs that
could be deployed, it is important
that a rigorous and robust set of
standards is used to govern the
manufacture of these devices and
their connection.  The motivation
for this is safety and grid
integrity.  However, grid
connection standards should not
form a barrier to entry of
installing these products.
Inherently grid ready products
should be pre-approved for
connection.
As far as possible, devices
should be grid connection ready
requiring only the termination
of cables to be done by
authorised electricians, or a set
of standard sockets should be
developed to facilitate ‘plug and
play installation,’
74.
Energy
monitoring
Information Energy monitoring allows
consumers and ESCOs the ability
to measure energy use and power
flows.  By analysing energy use
and power flows, the ESCO and
its customers can target areas of
poor efficiency and utilisation for
improvement.
The distribution network in
Ireland has little monitoring or
automation below the substation
level.  However, by having
Smart Hubs for all consumers it
would be possible for an ESCO
to perform an energy balance
and determine power flows on
the distribution network.  As the
distribution network becomes
more automated further
monitoring can be added.  The
                                                   
74 A Lovins, E Datta, T Feiler. K Rabago, J Swisher, A Lehmann & K Wicker, Small is Profitable, 1
st
edn, Rocky Mountain Institute, Boulder, 2006, p.319.1-20
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poor efficiency and utilisation for
improvement.
to perform an energy balance
and determine power flows on
the distribution network.  As the
distribution network becomes
more automated further
monitoring can be added.  The
Smart Hubs would provide a
significant amount of useful
data.  Similar residences can be
compared and consumers can
see how efficiently they are
using their energy compared to
their neighbours.  Larger
consumers of power may
require greater detail on where
they consume electricity on
their side of the meter.  Energy
monitoring can be deployed on
a site by using Current
Transformers (CTs) and Voltage
Transformers (VT) that can
measure the power flows and
log the data for analysis.
Equally, as domestic appliances
become more intelligent to
accommodate greater
penetration of DSM and
dynamic demand control,
residential customers will be
able to add another level of
detail to their understanding of
where and when they consume
energy.1-21
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able to add another level of
detail to their understanding of
where and when they consume
energy.
Power Control
System/
Active grid
control
Information/
Physical
As the increase of distributed
SEAs on the distribution network
escalates active control of the grid
at this level will need to increase.
Potentially an ESCO acting as the
system operator at this level will
use the most efficient mixture of
the assets available to achieve
grid stability, reliability, and
protection.
To achieve active grid control
the ESCO must monitor voltage
(V), frequency (f), active (P)
and reactive (Q) power flows
and current (I) levels at
important nodes.  Changes in
these parameters must be
responded to with the assets at
the ESCOs disposal.
Discretionary
loads/
Dynamic
demand
control
Information/
Physical
A discretionary load consists of a
task that requires power, but the
time of the activity is flexible.
Dynamic demand control is when
this discretionary load can be
switched on or off to help balance
demand and supply.  This would
normally be automated.
This enables DSM and the more
flexible the discretionary load the
greater the value it is to the ESCO
or system operator.
Discretionary loads and
dynamic demand control can be
deployed throughout the power
system at all load centres of all
scales.  The Smart Hub would
provide the operator the means
to talk to enabled devices of
domestic customers.
Discretionary
storage
Information/
Physical
Discretionary storage is the
surplus energy storage capacity in
a system that has another primary
role, such as an EV.  As with
discretionary loads, the more
flexible the storage, the greater
the value to the system operator.
Discretionary storage can be
deployed throughout the power
system at all scales.  Again the
Smart Hub would provide the
means of control for the system
operator and their domestic
customers.1-22
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role, such as an EV.  As with
discretionary loads, the more
flexible the storage, the greater
the value to the system operator.
This storage can then be used for
balancing the system.
Smart Hub would provide the
means of control for the system
operator and their domestic
customers.
Modified
behaviour and
expectations
Human By changing consumer
behaviours and expectations of
energy, a more sustainable
provision of energy services can
be achieved.  There are a lot of
examples of how individual
actions can reduce power use;
turning off light switches and
opening curtains is a basic one.
Moreover, consumers in the
developed world have come to
expect electrical power to be ever
present in as much quantity they
want.  This does not lead to an
efficient use of the system today,
and as the mix of power
generation moves towards a
greater dependence on renewable
sources, this expectation may
become unrealistic and
prohibitively expensive.
Awareness campaigns can
achieve a lot of good, however,
price signals probably provide
the most compelling incentive
to change.  Consumers need to
pay the true cost for high quality
and reliable power, or opt for a
lower standard of service.
Furthermore, wasteful power
users should face punitive costs.
Conversely, consumers who
have large amount of
discretionary loads and storage
must be properly rewarded if
they make these available for
use.  Equally, customers who
generate power and use power
efficiently should be rewarded.
Billing for
energy
services
Financial The days of energy being
consumed and paid for on a flat
rate basis are ending.  As
information about customer usage
becomes available, time of day
tariffs are increasingly common.
The Smart Hub is the means of
collecting the data on the
customer’s use of power and
billing appropriately.1-23
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services rate basis are ending.  As
information about customer usage
becomes available, time of day
tariffs are increasingly common.
With DSM, embedded storage
and generation, very complex
tariff structures will need to be
put in place to properly reward
and penalise customers for the
flexibility of their power demands
and the level of service they use.
customer’s use of power and
billing appropriately.
Financing for
capital
investment by
an ESCO
Financial ESCOs will need finance to invest
in the following:
•  New generation.
•  Energy storage.
•  New infrastructure.
•  Communication networks.
ESCOs will have revenue from
the following sources:
•  Investors, both community
and institutional.
•  Government grants.
•  Customer billing.
•  Selling surplus power.
•  Credits and incentives.
They will still need financing.
Some financial institutions have
special green funds that provide
loans for projects that contribute
to sustainable energy
75.
Financing of
sustainable
energy
improvements
to properties
Financial ESCOs need to actively
encourage the following amongst
their consumers:
ESCOs can establish a financing
arm that assists with the funding
for improvements.  In
combination with a financial
institution an ESCO can provide
a micro-financing model.
                                                   
75 ‘Green Loans’, Bank of Ireland,
http://www.bankofireland.ie/html/gws/business/finance_your_business/green_loan/, viewed 11
September 2010.1-24
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improvements
to properties
•  Efficiency improvements.
•  Purchase of appliances that
allow for demand control.
•  Allow EVs surplus storage to
be used as discretionary
storage.
•  Install generation where
appropriate.
combination with a financial
institution an ESCO can provide
a micro-financing model.
ESCOs can achieve economies
of scale for customers by
centralising contracts for
improvements such as the
installation of insulation or solar
thermal systems
76.
ESCOs can also engage
customers in a number of
different ownership models that
spread the risk and the benefits
between the ESCO and the
consumer.
Capacity
Credits
Financial Capacity credit can be used as a
means for electricity markets to
provide incentive for energy
companies to build generating
capacity, even if it may not be
highly utilised, so that the
network has capacity to meet
demand.  Capacity Credit ‘…may
be defined as a measure of a
generator to contribute to peak
demands of a power system.’
77
Capacity credit for renewable
power can be calculated using
their expected capacity factor and
how much balancing plant may
still be required to cover for
intermittent generation.
This potentially provides an
ESCO with another source of
revenue.
                                                                                                                                                   
76 ‘Energy Smart Community’, Codema, http://www.codema.ie/sustainable-homes-
project/date/2009/08/12/energy-smart-community.html, viewed 11 September 2010.
77 L Freis, & D Infield, Renewable Energy in Power System, 1
st edn, Wiley, Chichester, 2008, p.213.1-25
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power can be calculated using
their expected capacity factor and
how much balancing plant may
still be required to cover for
intermittent generation.
Credit for
deferred/
avoided costs
Financial Distributed resources can defer or
even avoid costs for additional
central generation and
transmission system upgrades
78.
Some form of credit should
reward avoided costs by
downstream development.
Credit for
reduced loads
Financial The sensible deployment of a
range of Sustainable Energy
Assets will reduce overall loads.
An ESCO that generates revenue
from billing must have a stronger
incentive for aggressively
pursuing a reduction in demand,
what Amory Lovins calls nega-
watts
79, than increasing it.
If nega-watts could be
monetized then the incentive to
reduce demand would be much
greater and reduction in demand
through efficiency much
swifter.
Credit for
reduced
emissions
Financial One of the key aims of achieving
sustainable energy is to reduce
emissions and their contribution
to climate change.  To achieve
this, the market conditions need to
be created so that use of fossil
fuels is penalised and the use of
clean technology is attractive to
investors and developers.
This can be achieved by
emission trading schemes or
through the use of a
redistributive carbon tax.
                                                   
78 A Lovins, E Datta, T Feiler. K Rabago, J Swisher, A Lehmann & K Wicker, Small is Profitable, 1
st
edn, Rocky Mountain Institute, Boulder, 2006, p.316.
79 P Hawkens, A Lovins, & L Lovins, Natural Capitalism, Black Bay Books, New York, 2000, p.279.1-26
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Bi-lateral
agreements/
Energy
Markets
Financial A Power Purchasing Agreements
(PPA) is a standard bi-lateral
contract that exists between wind
farm owners and retailers for the
purchase of all electricity
produced at a fixed rate.  This
agreement provides a degree of
certainty to wind farm developers
and investors.
Energy markets allow generators
to sell electricity at the prevailing
market cost.  As demand rises the
cost of electricity rises
recognising the cost of having
available low utilised peaking
plant.  Power generators then
have the ability to take advantage
of market conditions and increase
their margins.
An ESCO could benefit from a
mixture of bi-lateral agreements
that guarantee cost of buying
and selling electricity, and being
able to sell power under
favourable conditions.
If the ESCO has the appropriate
technology deployed, they can
sell power at premium rates to
the market when the grid is
under pressure due to peak
demands.
Un-bundled
energy
services
Financial,
Physical
Currently electrical energy
services are delivered by utilities
with the same quality and
reliability irrespective of whom
the customer is.  Customers that
demand higher quality or
reliability invest in un-
interruptible power supplies
(UPS), and back-up generators.
However, customers that do not
need the level of service delivered
by the standard supply have no
means of opting out and reducing
costs.  By un-bundling energy
Customers that have low quality
and reliability needs could have
their supply linked to available
renewable generation and pay a
low tariff.
Customers that have higher
service requirements could pay
a premium and be prioritised for
available supply, the ESCO
would then have an incentive to
invest in dedicated resources for
them.1-27
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need the level of service delivered
by the standard supply have no
means of opting out and reducing
costs.  By un-bundling energy
services an ESCO can create
tariffs that attach a value to
quality and reliability, allowing
for greater flexibility and
resources to be more focussed.
invest in dedicated resources for
them.
Potentially, if the number of
premium customers is tightly
grouped together (for instance
an industrial park), the ESCO
may build a large central UPS
facility with dedicated
distribution to these customers.
Energy
management
and efficiency
Intangible Energy management has a wide
number of interpretations,
however, good energy
management aims to utilise
energy efficiently minimising
waste.  To achieve good levels of
energy management physical
assets may be required, however,
it could be the use of human
assets to turn off light switches, or
the clever design of server rooms
that use cooling services more
effectively.
A philosophy applying energy
efficiency to all relevant
situations is not limited to the
buying of efficient equipment or
insulating buildings, but can be
applied to system design.
Furthermore, an energy efficient
attitude can dictate lifestyle
choices and behaviour.  For
example the holiday you take or
the way you drive your car.
Energy management can be
used to light and provide
heating and cooling only when
required.
It could also be the use of
passive measures to utilise solar
gain, or the control air changes
with a heat exchanger, or to
defer certain activities to when
cheap surplus power is
available, such as washing
clothes.
Energy efficient system design
could result in piping systems
that reduce head loss by
eliminating right angle direction
changes.1-28
Asset Asset Type Contribution to Sustainable
Energy
Typical Deployment and Costs
attitude can dictate lifestyle
choices and behaviour.  For
example the holiday you take or
the way you drive your car.
Customer
relations
Intangible ESCOs could be the catalyst for a
significant shift towards using
energy sustainably.  Many
consumers are already convinced
by the need to change, many more
are not convinced or are not
ready.  Resistance to change is
always present and it is vital to
the progress towards a sustainable
energy future that public opinion
is won over and that this support
is maintained.
The local nature of an ESCO
allows it the advantage of
knowing its customers well and
in some detail.  The ESCO will
need to become a very active
part of the community and must
form strong links with leaders
and organisations.
However, it must also have the
statutory support to pursue its
objectives without endless
public consultation, and the
objections of a few derailing
progress.
A fine balance between progress
and partnership will be required.
Equity in the ESCO should be
available for purchase by the
consumers it serves. This will
help to align the objectives of
both customers and the ESCO.
This is a model that has been
suggested for developing
countries for village power
schemes.1-29
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Government
Policy
Intangible/
Financial
For sustainable energy to become
the new paradigm, governments
need to address the existing
regulatory and policy framework
that favours incumbents and
subsidises the widespread use of
fossil fuels.
Government policy should
provide the necessary support and
incentives to achieve the desired
outcome of sustainable energy.
Furthermore, policy should be
designed that enables incumbents,
with vested interest, to be
challenged and reduces the barrier
to entry for new actors such as
ESCOs.
There are a variety of policy
tools that governments can use
to support sustainable energy:
•  Grants.
•  Subsidies.
•  De-regulation.
•  Adoption of new grid
connection codes and
standards recognising the
impact of new technologies.
•  Emission trading schemes.
•  Carbon taxes.
•  Energy markets.
•  R&D funding.
•  Pilot schemes.
•  Tax incentives for
investors.
•  Tariff setting for
sustainable energy.2-1
Appendix 2: Homer Simulation Set-up
Simulated Load Profiles
Figure 34: Homer Screen Shot Showing Load Profile
a) Electricity Load Data for January2-2
b) Monthly Electricity Load Profiles
c) Monthly Thermal Load Profiles
Electrical Load Profile
Electricity Load Profile is based on the 2011 market forecast produced by the Retail Market
Design Service (RMDS).  The data provided by the RMDS gives each 15 minute segment of
the year a weighting based on the expected load profile.  The sum of these periods for the2-3
year is one
80, multiplying each segment by the average annual electricity load determined for
Greystones in Chapter 3, provides the profile.  The profile used is the urban domestic night
saver. This reflects the strategy of using less expensive peak electricity.
Thermal Load Profile
Thermal load profile is based on the RMDS 2011 forecast for the urban domestic profile, as
this better reflects thermal loads.  The profile is determined in the same way as the electrical
load profile.  Ideally, this thermal load would be simulated in Homer as a thermal load,
where some of the load is met by waste heat and the balance is met by electricity.  The
assumption being that NWEC meets all loads with its own renewable sources or grid
imports.  This was not possible with the simulation and therefore the load was treated as a
secondary electrical load. Unfortunately, this means that the recovery of waste heat for
thermal purposes from the Biomass Generators is not simulated, although the efficiency of
the Biomass Generators has been increased to try and compensate for this.
Efficiency Inputs
The efficiency input is based on achieving 50% energy saving for the worst 20% of energy
consumers who are responsible for 50% of demand.  This equates to 25% efficiency on the
load.  Although efficiency is only considered in the simulation for electrical power (the
primary load), it is probable that most of the efficiency saving would be gained by reducing
thermal energy demand.
                                                   
80 ‘Standard Load Profiles’, Retail Market Design Service,
http://www.rmdservice.com/guidance/standard_load_profiles.htm#, viewed 25 September 2010.2-4
Deferrable Loads
Deferrable Loads using dynamic demand control were considered as being a dishwasher,
clothes dryer, a washing machine, a refrigerator and a freezer. Monthly usage and energy
consumption were estimated and used as the monthly average for all households as tabulated
below.
Appliance Monthly Use
81
(hours/month)
Power Rating
82
(kW)
Monthly use
(kWh)
Total for all
households (kWh)
Refrigerator 68 0.41 27.88 144836
Freezer 115 0.187 21.505 111718
Washing
Machine
142 0.564 80.1 416119
Clothes Dryer 18.9 2.23 42.147 218953
Dish Washer 22.5 0.33 7.425 38572
TOTAL 930198
Peak load has been calculated as the complete load being required at any one time.  Storage
capacity is based on 50% of the combined energy use of the refrigerator and freezer.
                                                   
81 ‘ Electricity Users Guide’, Clark Public Utilities,
http://www.clarkpublicutilities.com/yourhome/freeResources/archives/homeEnergyUse.pdf, viewed
02 October 2010.
82 Product Specification, Miele, http://www.miele.co.uk/products/, viewed 2 October 2010.2-5
Simulated Resources
Wind
Figure 35: Homer Screen Shot Showing Wind Speed Distribution
The data for average wind speed is taken from the weather monitoring station at Dublin
Airport 33 km to the north of Greystones.  The data is an average from 1961-1990.
83
                                                   
83      ‘Mean Monthly Wind Speed in Knots (Dublin Airport 1961-1990)’, Status Ireland,
http://www.statusireland.com/statistics/climate/9/Mean-Monthly-Wind-Speed-Dublin-Airport-In-
Knots.html, viewed 25 September 2010.2-6
Solar
Figure 36: Homer Screen Shot Showing Solar Radiation Profile
The data for the solar radiation profile is provided through the Homer website and is sourced
from the NASA.2-7
Hydro Resource
Figure 37: Homer Screen Shot of Hydro Resource
Hydro resource is based on flow rate of 665 L/s derived previously in Chapter 3.2-8
Biomass Resource
Figure 38: Homer Screen Shot of Biomass Resource
Biomass resource is based on a yield of 500 tonnes of feedstock from the 100 hectares of
land available for energy crops.  Based on the energy yields quoted in Chapter 3 this equates
to 20 MJ/kg.2-9
Simulated Equipment
Wind Turbines
Figure 39: Homer Screen Shots Showing Wind Turbine Inputs2-10
PV
Figure 40: Homer Screen Shots Showing PV Array Inputs2-11
Hydro
Figure 41: Homer Screen Shots Showing Hydro Turbine Inputs2-12
Biomass Generators
Figure 42: Homer Screen Shots Showing Biomass Generator Inputs
The generators are always fully loaded therefore the fuel efficiency curve was set-up so that
the 100% load fuel efficiency is approximately 35 %, this partially compensates for not
being able to simulate the use of waste heat for the thermal load.  The generator schedule is
as described in Chapter 3.2-13
Storage
Figure 43: Homer Screen Shots Showing Aggregated Storage Inputs
In order to simulate all the storage assets deployed in the ESA, the EV battery storage,  Zinc
Bromide Battery Array and Pump Storage Hydro System had to be aggregated.  This
aggregation was based on the following:
•  The Pump Storage Hydro system has been modelled as a battery as Homer does not have
an option for pump storage.  This has been done by setting the nominal voltage to 440 v,
and calculating the equivalent Ah for 10500 kWh (from Chapter 3), the maximum depth
of discharge has been set to 100%.
•  The EV battery is based on the Nissan Leaf Battery Pack.  The capacity is 24 kWh, and a
system voltage of 120 V was assumed.  The amount of usable storage is a 1/3 of the total
capacity.  Therefore with 250 EVs the equivalent quantity of batteries that can be used
for storage by NWEC is 83.
•  The Zinc Bromide battery is already modelled in Homer.2-14
Converter
The Smart Hub cost is incorporated in the converter cost, the cost installed for a Smart Meter
is approximately ! 650
84.  The additional functionality of the Smart Hub could increase the
cost to ! 1000.  Whilst those customers that want to export electricity will require a power
converter module as well.  For the purposes of this simulation the cost of the power
converter module is an additional ! 715/kW
85 (this will  be applied to the peak capacity of
PV arrays, and residences with EVs at a power rating of 1.7kW per household).
Grid
Figure 44: Homer Screen Shots Showing Grid Inputs
                                                   
84 Kris Szajdzicki, Why Smart Meters? The Benefits? The Costs?, ND Metering Solutions, 2008,
http://www.esta.org.uk/EVENTS/2008_04_Compliance_is_NOT_optional/documents/ESTAS2008N
Dv2web.pdf, viewed 8 October 2010.
85 A Review of PV Inverter Costs and Performance Projections, National Renewable Energy
Laboratory, p.33, New Mexico Solar Energy Association, http://www.nrel.gov/pv/pdfs/38771.pdf,
viewed 8 October 2010.2-15
The capacity of the PCC is limited to 23 MW for imports, but is un-limited for exports.  The
time of use tariff for grid imports and exports is based on the ESB Customer Supply
submission to the Commission for Energy Regulation (CER) for the tariffs to be used in a
Smart Metering Customer Behaviour Trial
86.
Miscellaneous Parameters
Temperature
The monthly mean temperature for Dublin Airport was used
87.
                                                   
86 ESB Customer Supply, Submission on Time-of-Use Tariffs For The Smart Metering Customer
Behaviour Trial, ESB Customer Supply, Dublin, 2010.
87 ‘Monthly Values for Dublin Airport up to 25 Sep 2010’, Met Eireann, 2010,
http://www.met.ie/climate/monthly-data.asp?Num=69, viewed 25 September 2010.3-1
Appendix 3: Model Economic Analysis
 3-2
Assumptions Used in Economic Analysis
•  Discount rate of 6%, reflecting the long-term investment horizon.
•  To simplify analysis, retail prices are 20% more than wholesale prices.
•  The concession is granted at no cost.
•  Balance of system costs in early years are predominantly made up of installing the
communications network and grid reinforcements.
•  Values are pre-tax.
•  From year 11 the simulation shows a net export of electricity in the month of March, the
business plan shows that this is sold at spot prices. However, for the purposes of this
analysis, the value is the same as all other sales of power to the grid.
•  Exchange rate for US$ to ! used is US$ 1.3 to !1.
•  Conversion of historical prices to 2010 prices has been made, where necessary using the
GDP deflator
88.
•  The ‘Do Nothing Scenario’ value is based on the retail sales less administration and
network maintenance costs.
•  Net efficiency investment is based on a rate of !1000/household. However, the
investment will be spent disproportionately as efficiency improvements will be targeted
on the least efficient consumers.
•  All the benefits of the energy efficiency improvements are NWEC’s.
•  O&M costs are based on the values calculated by Homer for generating and storage
assets, plus an estimate of !1,000,000/year for all other operating and maintenance costs
on the balance of system.
                                                   
88 Relative Value Calculators, Measuringworth.com, http://www.measuringworth.com, viewed 2
October 2010.